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PREFACE 
We are glad to publish this new syllabus and the Revised edition of this book. 
The textbook 1S prepared by keeping in mind the level of the +2 students offering this 
subject and the total time they have at their disposal during the year. The main 
purpose of this book is to provide complete and concise information about the new 


topics included in the new syllabus. A sincere effort has been made after referring to 
many prescribed books, manufacturer’s data sheets. | ; 


This new syllabus published by H.S.C. Board Maharashtra has also.mentioned 
the list of reference books yet practically students have to face several difficulties like 
unavailability of books, insufficient copies, complex and abstract language and the 
time for this optional subject for preparation of the notes. This book has been 
prepared after studying these difficulties sincerely and keeping in mind the level of 
the science students as well as the aim behind this Computer.Science course i.e. more 
practical aspects than theoretical. The book has been prepared from our teaching 
experience and suggestions from the teachers teaching this syllabus in different. 
institutions in Pune, Mumbai and Marathwada region. We are very much thankful to 
them for their important suggestions and valuable help while writing the book. 


We hope this will definitely help students and teachers while studying and 
implementing this new syllabus. A simple and easy language has been used with 
illustrative diagrams, solved problems and specimen question papers. A great stress 
has been given to: the topics C++ programming, Microprocessor 8085, and 
Networking with important practical in programming. . 


Despite the best efforts, it is possible that some unintentional errors might 
have occurred. We shall acknowledge with gratitude any such errors if pointed out. 
Any suggestions for the improvement of this book will be gratefully acknowledged | 
and will be definitely eliminated in the next revised edition. | 


Finally, we express our sincere gratitude to Mr. Adwait Harshe 
Mrs.Renuka Deshpande, , Prof. Diwate, and our family members for their support in 
completion of this book. 


Rajan Supekar 
Vaishali: Ghule 
Taraka Ghamande. 
Vilas Karmude 
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INTRODUCTION : 

As all know, programs are written for execution. But if we do not know, how ; 
to operate computer system then written programs are of no use. We must have the 
environment within which user as well as other programs can do useful work. How 
this environment is provided by operating system is discussed in this chapter. 


1.1 IDEA OF AN OPERATING SYSTEM 


An operating system is a program, which acts as an interface between user of 
a computer and computer hardware. It provides an environment to run other programs 
also. It makes system convenient to use. It also performs basic tasks like input and 
output management i.e. it helps in using hardware in efficient manner. 

Any computer system has following layer structure. 


Application program 


Operating system 


Hardware 


Fig. (1.1) 

Computer hardware is at innermost level. Operating system is at outer ive to 

that of computer hardware. Application programs are at outer level of the operating 

system. While users interact with the computer hardware through Sppueshion program 
and operating system. 


Services in O/S 

Operating system (O/s) provides certain services to the prorfanis and to the 
users. There are following three major types of services: 

1) Information Management 

2) Process Management 

3) Memory Management 


Information Management - 
It refers to a set of services used for storing, retrieving, modifying or removing the 
information on various devices. It manages the organization of information in terms - 
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of directories and files, allocating, deallocating the sectors to various files ensuring 
- right people have access to information and driving various devices. 3 
Some of the system calls in this category are as follows: 


1) Create a file 2) Create a directory 

3) Open a file (for, read, write or both). 4) Close a file a 

5) Read data from file to buffer _ 6) Move the file pointer 
7) Read and return file's status. _ 8) Create a link 


9) Change working directory 10) Write data from buffer to file 


Process Management - 

If operating«system supports multiple users then services under this ‘are very 
important. In this regard operating system has to keep track of all the completing — 
processes (running programs), schedule them, dispatch them one after another. But 
user should feel that he has the full control of the CPU. 

Some of the systems calls in this category are as follows; 

_ 1) Create a child process identical to the parent 

2) Terminate a process | 

3) Wait for a child process to terminate 

4) Change the priority of process 

5) Block the process 

6) Ready the process 

7) Dispatch a process 

8) Suspend a process | | 

9) Resume a process | 5 | . 

10) Delay a process | \ 

11) Fork a process 
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Memory Management | 

The services provided under memory management are directed to keeping track — 
of memory and allocating, deallocating it to various processes. The operating system — 
keeps a list of free memory locations. Before a program is loaded in memory from the 
disk, this module consults this free list, allocates the memory to the process, 
depending upon program size and updates the list of free memory. 


Some of the systems calls in this category are as follows, 
1) Allocate a chunk of memory to process 
2) Free a chunk of memory from a process 


Overview of O/S 


Operating system first developed by Microsoft was DOS . . 
i .B user 
operating system. After DOS a comp , ut 1t was a single 


Operating Systems | 3 


launched. It is multitasking and again GUI based operating system. Some Ee hea 
features of windows 98 are listed below; 


1) Faster operating system 
It includes tools that help your computer run faster than Windows 95 without 
adding new hardware. It optimizes your computer’s efficiency by a group of some 
special programs that are used together some of the programs are like 
1) Maintenance wizard, 2) Drive converter, 3) Disk defragmenter. 


2) Easy to use 

It makes your computer. easier to use with new and advanced features like web 
integration, multiple display support, power management, and universal serial bus. 

Web integration 

Windows 98 explorer and Internet. explorer iatearate local and web based 
resources in a single view. Auto complete automatically completes previously visual 
addresses as you type them. It supports for all major Internet standards Bees Java. 

Multiple display support 

It makes possible to use several monitors simultaneously to increase size of your 
desktop. . 7 

Power management 

On-Now makes your computer more responsive by 1 improving startup time. Using 
-_power management techniques On-Now can start your computer in just a few seconds 
and restore all your programs where you left them. 

Universal serial bus 

It makes your computer easier to use with advanced plug and play capabilities. - 
Using a new universally standard connector you can add devices to your computer 
easily without having to restart. 


3) More Entertaining and Fun 
It makes your computer more entertaining by introducing new features such as 
enhanced television, video playback and support for new hardware. 


4) Help 
It is very easier to use and find answers to questions quickly. You can also get up 
todate technical support from World Wide Web (WWW). 


1.2 WINDOWS NT 

Windows NT is multi-user, multitasking and multithreading. operating system. 
Multitasking is preemptive i.e. each task is given time slice when that time slice is 
over the next one is started. : | 

Windows NT features include virtual memory management, symmetric 
multiprocessing. Symmetric multiprocessing allows Windows NT to schedule various . 
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tasks on any CPU. Generally tasks are scheduled on any available processor, When 
tasks are broken into independent threads, a large amount of parallelism is achieve. 


Windows NT can interact with all existing networking systems like Novell’. 


Netware, Sun micro system’s NFS, etc. It is also portable operating system and will 
be available on other hardware platforms like Intel’s X-86 family. 


Virtual Dos Machine — 


-(VDMs) 
W in 32. W in 32 Posix 
Client Client Client 
16 - bit care 


Windows 
Environment 


|Object Manager Process Local ProceduresVirtualMemory Security |/O Manager 
(O Manager Call facilitities Manager — Reference File System 

(PM) (LPC). (VMM) Monitor Catche. Manage 

Device Drivers 

Network Driver 


(HAL) Hardware Abstraction Layer : 


v y Vv v v a 
Keyboard Monitor Monitor Modem Mouse Other 


Fig. (1.2) Architecture of Windows NT 


Windows NT has a new high performance file system called New Technology File 
System (NTFS) implements fault tolerance, security and has support for large files. 
Windows NT has a modular architecture divided into different subsystems and 
layers. At lowest layer is hardware abstraction layer. It provides all hardware specific 
functions. On top of that is the Windows NT kernel. It provides basic operating 
system services. On top of kernel there are six modules, which are listed below with 
their functions. — : 
1) Object manager- it creates manages and deletes objects, which are processes. 
2) Process manager- it creates, terminates, suspends and resumes processes, tasks; 
and threads. _— a ae ; 
3) Virtual memory manager- it manages the memory for processes.. Jt also allocates 
and frees memory. | ae ce 
4) Security reference monitor- It enforces security policy and’ keeps track of file 
access rights based on ownership and permission for the user. 


Operating Systems 5 
5) Local procedures call facility- it is used to pass messages between client systems . 
and subsystems on one system. 


6) /O subsystem- it handles device and passes data to and receives data from the 
devices of all subsystems. 


1.3 LINUX 


Linux is an operating system that was initially created as a hobby by a 
young student, Linus Torvalds, at the University of Helsinki in Finland. Linus had an 
interest in Minix, a small UNIX system, and decided to develop a system that 
exceeded the Minix standards. He began his work in 1991 when he released version 
0.02 and worked steadily until 1994 when version 1.0 of the Linux Kernel was 


released. The current full-featured version is 2.4 (released January 2001) and 
development continues. . 


Linux is developed under the GNU (General Public License) and its source 
code is freely available to everyone. This however, doesn't mean that Linux and its 
assorted distributions are free and developers may charge money for it as long as the 
source code remains available. Linux may be used for a wide variety of purposes 
including networking, software development, and as an end-user platform. Linux is 
often considered an excellent, low-cost alternative to other more expensive operating 
systems. 7 
Due to the very nature of Linux's functionality and availability, it has become quite 
popular worldwide and a vast number of software programmers have taken Linux's 
source code and adapted it to meet their individual needs. At this time, there are 


dozens of ongoing projects for porting Linux to various hardware configurations and 
purposes. 


Linux has an official mascot, the Linux Penguin, which was selected by 
Linus Torvalds to represent the image he associates with the Operating system he 
created. Linux is a reliable, secure operating system. In addition to being cost- 
effective, it is constantly being updated and refined with the latest technologies. As_ 
Linux gains greater acceptance throughout the computing industry, more and more 
companies are supporting Linux via both application and hardware compatibility. 


Features of Linux 
1) Linux is Network-friendly 


Since a team of programmers developed Linux over the Internet, its 
networking features were given high priority. Linux is capable of acting as client 
and/or server to any of the popular operating systems in use today, and is quite 
capable of being used to run Internet Service Providers. 

Linux supports most of the major protocols, and quite a few of the minor 
ones. Support for Internet, Novell, Windows, and Appletalk networking have been 
part of the Linux kernel for some time now. With support for Simple Network 
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Management Protocol and other services (such as Domain Name Service), Linux jg 
also well suited to serving large networks. 


2) Linux is a Multi-user 

_ Linux is an implementation of the UNIX design philosophy, which meang 
that it is a multi-user system from the word "go." This has numerous advantages, evey 
for a system where only one or two people will be using it. Security, which ig 
necessary for protection of sensitive information, is built into Linux at selectable 
levels. More importantly, the system is designed to multi-task. Whether one user ig 
running several programs or several users are running one program, Linux is capable 
of managing the traffic. 


3) Linux is Open 
Linux is open. That means that for the entire base system, which includes 
the kernel, the GNU ‘tools, and all the basic utilities, we as programmers. and users 
have access to the source code as well as the right to modify it. 7 


4) Linux is "Free" 
Linux consumer is free to modify the system and do anything he or she 
wishes with it. 


Information Management consists of two main modules, 
1) File system 2) Device driver 


1.4 FILE SYSTEM 

The file system allows the user to define files and directories and allocate and 
deallocate the disk space to each file. It uses various data structures to achieve this. 

For information storage, O/S uses files. That information is stored on files. Files 
are mapped by the operating system on to physical devices. 

A file is a collection of related information. It can contain programs and ‘data. Data 
may be numeric, alphabetic or alphanumeric. File is a sequence of bits, bytes, lines or 
records. Each file is having name and extension. (It is dependent on file type) 


Block 

It is a unit of data, which the operating system defines for the sake of convenience. 
Normally operating system also keeps all its data structures in terms of blocks. 
Operating system would view the disk as comprising of no. of blocks. From hardware 
point of view a disk consists of no. of sectors, but from the point of view of the 
operating system, it consists of no. of blocks where each block is having one or more 
sectors. Due to this operating system has to translate a block number into physical 
sector numbers. 


Operating Systems 7 | . 7 
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Disk | 
It is main secondary device. Various types of secondary devices are there like 


floppy disk and hard disk. Hard disk can be considered as being made. up multiple 
floppy disks put one above the other. . ee : 


Floppy Disk 


Floppy disk is made up of round piece of plastic material coated with a magnetized 
recording material. The surface of a floppy disk is made of concentric circles called 
tracks. Disk can be considered to be consisting of several surfaces, each of which 
consisting of tracks. The tracks are normally numbered from as thé outermost track 
with the number increase inwards. Each track is divided into a no. of sectors of equal 
size. Sector capacities may vary; but typically a sector can store up to 512 bytes. 


Read Write 


Head LLLLLEMSILELIITI III IIT IMT I 77) 


Storage - 
Media 
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_ Hard Disk Mechanism Fig. (1.3) Floppy Disks 


Double-sided floppy have two sides on which data can be recorded, so given sector is 
specified by a components of address, surface no, track no, and sector no. 


Hard Disk , . 
Hard disk surface is also made of concentric circles called tracks. Each track is 

divided into sectors of equal size. The disk drive for hard disk and its read/write 

mechanism is shown in fig. (1.3). Read/ write head for each surface connected to arm. 

Arm can move in or out to position itself on any track while disk rotates at a constant 

speed e.g. 

1) Read a block | 

2) It is translated into a sector address surface=1, track=10, sector=5. This is called 
target address. | | : | 

3) Read/write heads current position’s address is. current address, i.e. Surface =0, 
track =7,sector =7. . 

4) Move the arm in or out position on correct track. In this e.g. move arm inwards 
from track 7 to track10. The time taken to move to correct track is called seek 
time. : 
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Case 2 
1 Sector: 1 Logical Record: 
Many logical records Many sectors 
Fig. (1.4a) Tracks and Sectors . Fig. (1.4b) Logical records and sectors — 


5) Wait until desired sector comes under r/w head as disk rotates. Time to- reach to. 
particular sector on track is called rotational delay or latency. . 

6) Activate R/W head for appropriate surface and read data. The time taken for this 

operation is called transmission time. | 


Rotational Delay 


Fig. (1.5) Stages Of I/O Operations 
File | _ 
A collection of related information is termed as file. For each file created by 


the operating system maintains a directory entry also called volume table of contents 
(VTOC) as shown. 


VTOC Structure 


FILE OPERATIONS 
General file operations include create, read, write, rewind & delete a file. 
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1) Create a file 
For creating a file, first whether sufficient space is available-for that file is checked. If 
it is available, entry for new file must be made in directory. : 


2) Writetoafile | 
For writing to file, there is command in which name a the file is given. Then 
operating system search for that file in directory entry and write to it. 


3) Reading a file. 
For reading also there is system call in which file name is specified. Then operating | 
system searches for required file in directory entry and read it. 


4) Rewind a file ip 
The directory is searched for appropriate enlty and file is reset to the beginning of 
file. . 


5) Delete a file 
To delete a file, again directory entry is searched & if that file is found it releases the - 
memory space and that directory entry now become invalid. 


1.5 ALLOCATION METHODS 

For the allocation of disk space to various files, two a a a are 
there, 1) Contiguous 2) noncontiguous. 

In this scheme user estimate maximum file size that the file will grow to, 
considering the future expansion and then requests the operating system to allocate 
those blocks at the time of creation of file. 

Operating system normally uses block allocation list to manage the disk space. 
The list gives the account of all blocks on the disk. It also gives you whether the 
block is free or allocated. It is more useful to maintain two different tables: 

1) allocated blocks 2) free blocks. 

Whenever a new file is created depending upon the size of file operating 
system can allocate continuous area. If there are multiple free blocks then which 
should be chosen? For that following methods are used? 

1) First fit: If suppose file requires 7 blocks; then OS goes through block list and 
allocate the entry which blocks equal or more than 7. 

2) Best fit: For this method free blocks list is to be sorted by no of free blocks: It 
would choose that entry which is the smallest amongst all the entries, which are 
equal to or bigger than required one. 

3) Worst Fit: It allocates free block that is equal to or larger than our requirement. 
The main disadvantage of this method is space wastage & inflexibility. Until file 
grows to maximum size, many blocks allocated to the file remain unutilized. So 
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lot of space is wasted. Again file grows more than predicted maximum it Creates 9 
real problem and next blocks have been allocated to another fiie. 
Noncontiguous Allocation: 
Considering the problems in contiguous allocation, this method is evolved. In this 
maximum size of file does not have to be predicted at the beginning. The file can 
grows with time as per the needs. This reduces wastage of space and operating System 
automatically allocates additional blocks as per requirement without aborting 
program. There are two methods for implementing this allocation. _ : 


(1) Chained allocation (e.g.MS-DOS) 
(2) Indexed allocation (e.g. Unix) 


Chained allocation (e.g. MS-DOS) | . 
This is noncontiguous allocation. So next block is traversed using pointer field, which 

gives address of next block in same file. : : | ; | 
In DOS, these pointers are kept externally in file allocation table. — 
In MS-DOS file allocation table is used as shown in fig. (1.6). In this scheme the. 
block can have 512 or 1024 bytes as shown in fig. there are three files in our system. 
File A has been allocated blocks 5,7,3,6,10. File B has been allocated blocks 4,8,11, - 


File C has been allocated blocks 9,2 and 12. The file directory entries for these three — 
files have been shown in fig. : | 


etOLy Graphical picture of FAT 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


Marked as bad blocks by formatting 


ee i 


| Fig.(1.6) MS-DOS Chained Allocation 
Indexed Allocation | } 
Index of blocks is maintained. It is externalized li 


st of pointers. Then the file directory 
entry should point to the index. 
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Index is maintained in various ways. For example for a file, list of pointers is as 
shown below 


- Directory Entry 
File Index Block 
Os 12 


index Block 
12 


Id 170 isl 
20d] 21 224 


As shown in figure 
1) Index block is 12. It is specified in directory entry. 
2) In Index block, all block entries for file are given. 


File Organization 

The main objective is to see how data .is organized for storage and retrieval 
purposes. File system manager manages the storing and retrieving scheme. It has full 
authority of accessibility and taking decisions. —_ 

The main important function of file system manager is to organize or 
systemize all the data in order to enhance total system’s performance and efficiency. 


The type of storing and retrieval scheme is decided by configuration of computer 


system. In normal operation, files can be systemized or organized by two ways: 
(a) Sequential file organization 


(b) Direct file organization 


(a) Sequential File Organization 

The name suggests, the basic operation of file organization. Sequential means 
one after another. The records of files are stored in physical order one after other as 
you created. The order is same for writing and reading i.e. you have no choice to 
change reading order of records. This scheme is suitable for electromagnetic storing 
devices like tapes and so on. 


Advantages: 

(1) The next record physically resides after the previous one. So separate pointer 
is not required to keep the track of records while reading them. 

(2) Unidirectional access is provided 
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. ; ; . : 
(3) This is device independent, so any of devices can be used to Organize 
| sequential files. Automatically, portability enhances. _ 


Disadvantages: | : . | 

If you want any record, then you must always start from first record. When 
desired record is found you can read record. You cannot directly access a particular 
record so it is time-consuming scheme. This leads to non-optimal utilization of device 
and low access efficiency. 


(b) Direct file organization 
In order to overcome the main disadvantage of large access time and inefficiency in 
sequential file organization the concept of direct file organization is developed. Direct 


file organization accesses the records through record’s physical addresses on a direct 
access storage device.: : 


Advantages: 


(1) Any record in the file can be accessed randomly. 
(2) Access time is minimized. 


Disadvantages: | 
(1) As the physical address is to be generated, automatically processing time 
increases. od | | 

(2) The mechanical movement of I/O device is more. 

(3) Possibility of poorer utilization. : 


(4) Can not be stored on sequential access devices like (magnetic tapes) i.e. it is not 
device independent. 


Device Driver 


Device drivers are software programs required for each device. Each device 
will require different driver for different device as per functionality. A device driver 
knows how the buffers, flags, register control and status bits should be used for a 
particular device. For simply reading a character from a device involves complex 
sequences of device specific operations. 

Some device drivers are useful for data conversion. Devices deal with 8 bit or 


16 bit data but computer requires 32-bit/ 64-bit data bus. Then device driver enables 
this conversion from one form to another. | | 


Terminal /O 


Terminal hardware can be divided into two parts, the keyboard which is used 


for input medium and video screen, which is useful as an output medium. 
Combination of these two is termed as VDU. | ; 
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Terminals are of two types, . 
1) Dumb terminal 
2) Intelligent terminal. 


1) Dumb terminal . bul” te | 

It can have a microprocessor inside it and limited memory. It is responsible for 
basic input and output of characters. It is called dumb because it does no processing 
on the input characters. . 7 


2) Intelligent terminal 


The terminal can do processing on the pp. So it requires more powerful hardware 
and software for it. : 


Process a 

Process is a program under execution, which competes for the CPU time and 
other resources. Generally, program exists on a disk or a paper. It is compiled but it 
does not compete for CPU time. But whenever a user wants to execute a program, it 
will be loaded in memory. At that time it becomes a process. 


1.6 MULTIPROGRAMMING 

In earlier days the computer systems were very costly and CPU’s idle time 
was more. For increasing CPU utilization and for reducing idleness of CPU 
multiprogramming is used. It means several processes appear to run simultaneously. 


Degree Of Multiprogramming 4 
The no. of processes running simultaneously competing for CPU is called 
degree of multiprogramming. 


Context Switching . | 
In multiprogramming at a time multiple processes are running simultaneously. - 
Suppose there are two processes, process | and process 2. 


Then there would be time lost in turning attention from process 1 to process 2. 
That is called context switching. 


Context Switch 


Time ———> 


Fig. (1.7) 
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Context means storing the pointers of the memory contents of process ang all 
CPU registers like PC, IR, Acc., SP and other general purpose registers. Each Proces, 
has a register save area, which the operating system maintains, one for each Procegy 


In that area context of a process is saved.. 


| Register Save Area 


pee 


Fig.( 1.8) Context switching (From Process A to B) 


1) Refer fig. (1.8) Process A is running | 

2) Suppose A requires I/O operations then process B should start. For that context 
switching is required. At that time operating system stores the CPU registers for 
process A (i in fig) and restores the already saved contents of process B in CPU 
registers (ii in fig.). : . 

3) When process A is scheduled again process B registers are stored and registers 
for process A are restored in CPU and it continues (iii in fig.) where it had left 
from. 


Process States 
Operating system defines three basic process states as given below. 
1) Running: | | 
A process, which is executing is termed as running process. In multiprocessing 
there will be many running processes and Operating system will have to keep. 
track of all of them. 2 
2) Ready: 
A process, which is not waiting for any external event such as an I/O operation, is 
Said to be in a ready state. 
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3) Blocked: . 
Process, which is waiting for an external event such as an I/O operation, it is said 
to be in a blocked state. ; 
The major difference between a blocked and a ready process is that a blocked 
process can’t be directly scheduled even if CPU is free whereas ready process can be 
scheduled if CPU is free. | : 


1.7 SCHEDULING | | a 
While scheduling various processes there are many objectives for operating system 
to choose from. Some of the objectives are listed below. 
1) Fairness 
2) Good throughput 
3) Good CPU utilization 
4) Low turn around time 
5) Low waiting time 
6) Good response time 


(1) Fairness: | . 
It refers to being fair to every user in terms of CPU time it gets. 
(2) Throughput: 
It refers to the total productive work done by the users put together. 
(3) CPU Utilization: 

It is the fraction of time the CPU is busy on an average with the user processes or 
the operating system. If the time slice is very small, then the context switches will be 
more frequent hence CPU will be busy executing O/S instructions rather than those of 
user processes. Therefore throughput will be low but CPU utilization will be very 
high. - 

(4) Turnaround Time: . | 
It is the elapsed time between the time a program or job is submitted and the time 
when it is completed. 

(5) Waiting Time: : 
It is time job spends waiting in a queue of the newly admitted processes in the 
O/S to allocate resources to it before commencing its execution. 


1.8 PRIORITY 3 7 yo 

When no. of processes are competing for the same available resources like CPU 
and memory, then the concept of priority becomes useful. The priority can be external 
or internal. | 


External Priority ! . 
The user specifies it externally at the time of initiating the process. If user does not 


specify any external priority operating system assumes a certain priority called 
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allocated a very short period of CPU time one by one. The short period of time during 
which a user gets the attention of CPU is known as a time slice. Hes 

The processing speed of system and use of multiprogramming in conjunction 
with timesharing allows the CPU to switch from one user station to another and do g 
part of each job in the allocated time slice until the job is completed. . 


: Main Memo 
Terminal 1 ; ” 
—~ Time-sharing 


7 Supervision User 1 
User 1 A —___— ao aie 
Terminal 2 . 
Terminal N al 
mn 
User N : , . - 


Fig. (1.9) Idea of Timesharing 
Though it appears several users are using the computer system at the same 

time, only one program can be in control of CPU. So all the users will fall in one of 

the following three status groups, 

1) Active: The user’s program currently has control of the CPU... : 

2) Ready: The.user’s program is ready-to continue but waiting for turn to get th 
attention of CPU. | 

3) Wait: The user waiting for some I/O operation. | 

Timesharing system reduces CPU idle time. It increases CPU utilization also. 


1.12 MEMORY MANAGEMENT 
Under this service generally memory allocation, deallocation is done by 
operating system. Again free memory is also checked. | 


For above things to be done variety of memory management systems are there 
as shown in figure. | i 


© Contiguous, Real Memory Management System 
— Single Contiguous, Real Memory Management System 
— Fixed Partitioned Memory Management System 
~ Variable Partitioned Memory Management System 

© Non - Contiguous, Real Memory Management System . 
— Paged Memory Management System 
— Segmented Memory Management System 
~~ Combined Memory Management System 

e Non - Contiguous, Virtual Memory Management System 
— Virtual Memory Management System _ 


Fig. (1.10) 
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In contiguous scheme program is loaded in contiguous memory locations. But 
noncontiguous doesn’t require it. The program should be divided into chunk. Chunks — 
are of same size in paging and different size in segmentation. Again memory can be 
real memory or virtual memory. In real memory full process image is expected to be 
loaded in memory while in virtual memory only a part of process image is loaded in 
memory. We are focusing above 7 those terms in detail in this chapter. 


Single Contiguous Memory Management 

In this scheme of single contiguous memory management physical memory is 
divided into two contiguous areas. One of them is permanently allocated to the 
resident portion of the operating system (monitor) as. shown in fig. (1.8). The 
operating system may be loaded at the lower addresses to top as shown in fig. or it 
can be loaded at the higher addresses. This choice is normally based on where 
vectored interrupt service routines are located as these addresses are determined at the 
time of hardware design in computers. 


0 
O/S 
p (Monitor) — 
User Process 
max. 


Fig. (1.11) Single contiguous memory management 


At any time only one user process is in memory. Whenever this process is 
completed then the next process is brought into memory. , 
a) All ready processes are held on disk in an exe form. OS holds their PCBS in 
memory according to their priority. 

b) Only one process runs in memory. , 

c) When that process is blocked, it is swapped out from memory to disk. 
Next priority process swapped in the main memory from disk and it starts 
running. . 
This scheme has very fast access time but use is limited, as it is not having multi- 


user facility. 


Partitions 
Generally main memory is divided into various sections called partitions. In 


this scheme two types of partitions are available I) Fixed parupons Ip Variable 
partitions. 


Fixed Partitions 
In this scheme partitions could be of different sizes. Once decided at the time 


of system generation they could not be changed. 


a 
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System generation is the process of tailoring the operating system. It CONSists 
of number of routines for supporting a variety of hardware items and devices 
According to devices used the device routines are selected at the time of system 
generation: a 


_ Partition ID aoe Size 

Py ress _ = 
es | OT 100 | ALEC] 
P2 
selec al 
ara 400 


P4 


800 


Fig. (1.12) Fixed Partitions and its table 


If you want to change partition, operations should be stopped and operating 
system has to be reloaded with different partition specification. Whenever partitions 
are declared operating system creates a partition description table (PDT) for future 
use as shown in fig. Initially all the entries are marked as free. When a process is 
loaded into the partition, that partition is marked as ALLOCATED refer fig.(1.12). 

° Drawback of this scheme is fragmentation. 


Internal Fragmentation 


If a partition is of 100K and has to be allocated to a process of 80K; then 20K 
memory is wasted. This is called internal fragmentation. | _ 


External fragmentation . ho | 
‘If two free partitions of 30K and 50K are available and a process of 60K has 

to be accommodated. Then both the partitions can’t be allocated in this 

there is wastage of memory space. This is called external fragmentation. 


Time complexity is very low because allocation/ de-allocation routines ares 
simple as the partitions are fixed. Access time is not very high. 


process. So 


Variable Partitions 


Due to some drawbacks of static partitions like fragmentation and restriction 
on no. of resident processes, (which affects degree of multiprogramming and so CPU 


utilization also.) variable partitions come into existence. In variable partitions no of 
partitions and their sizes are variable. 


At any time any partition of memory 


y tin can be either free or allocated to some — 
process. But in this scheme starting address of : 


any partition is varying. 
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Refer fig. (1.13) the scheme working is as follows; 
1) Operating system is loaded in memory; all the rest of memory is free. 
2) Program P1 is loaded in the memory and it starts executing. 
3) Program P2 is loaded in the memory and it starts executing. 
4) Program P3 is loaded in the memory and it starts executing. 


(i) (i) i) - (vy. (W) Wi) Wil) Will 
Fig (1.13): Memory allocation changes with 8 events 
5) Pl is blocked. After a while P4 wants to occupy the memory. The existing free 
space is less than the size of P4. Assume that P4 is smaller than, P1 but bigger than 
free area available at the bottom. So Pl is swapped out and two chunks of free _ 
space in memory. . | 
6) P4 is loaded and it starts executing. P4 is loaded in the same space sveilbbie as 
P4<P1 | 
7) P2 terminates. Only P4 and P3 continue. The free area at the top or the one 
released by P2 can be joined. | 
8) Pl is swapped out. Also free space in middle is sufficient to hold PL. Another 
process P5 is loaded in the memory. 
Thus it starts with two partitions and at stage 8 there are 6 eaitiéGne These 
partitions are created by the operating systems at run time and they differ in sizes. 
This scheme wastes less memory than the fixed lea because there is no 
internal fragmentation. 
Time complexity is certainly higher than fixed, due tor various data structures and 
algorithms used in this method. 


1.13 NON-CONTIGUOUS ALLOCATION 
In various contiguous memory allocation schemes a problem of fragmentation 
arises, So non-contiguous allocation provides a better method to solve these problems. 
For that following various methods are used. 


1) Paging 
In paging the chunks of memory are of same size. The logical or virtual address 
space of program is divided into equal size pages and physical main memory is 
divided into equal sized page frames. The size of page is the same as that of a page 
frame, so that a-page can exactly fit into a page frame. Therefore it can be assigned to 
any page frame, which i is free. 
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The addresses which program refers are called virtual or logical addresses, J, 
reality the program may be loaded at different memory locations are called physica] 
addresses. | 

In this scheme generally virtual addresses consist of two parameters, a logical or 
virtual page no., and displacement D within the page. During execution address 
translation has to be done i.e. Virtual page no. should be converted into physical page 
no. = : 


(FD)------------(P.D) 


Physical _ logical page no. 
page frame no. 


Physical frames 


ONAOGTAWN=AO 


Memory 
2 
3 
Logical Memory Page 
pages _ table 


2) Segmentation “4 
Segmentation is similar to paging. Pages are physical in nature and hence are of fixed 
size but segments are logical division of a program so, of variable size. 

Each program in its exe form can be considered to be consisting of major 
segments, code, data and stack. Each of these can be divided into further segments. 
Generally each program has a main function and few subprograms. A program can 
use various functions also. The fig.(1.14) shows various segments along with their 


sizes. Each segment is compiled with respect to 0; as the starting address for that 
segment. 


SQRT 
Routine 
Segment 1 


Data Area 
Segment 3 


__ Total | 3900) 


Fig. (1.14) Segmentation 


Stack Area 


Segment 4 


799 


499 
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1.14 VIRTUAL MEMORY } 

| Virtual memory systems can be implemented using paging, segmentation or 
combined schemes. The Process can start executing with only part of the process 
image in the memory. In real memory systems entire process image has to be in 
memory. Actually this scheme is simple, as whole process has to be swapped in or 
out. But if the physical memory is limited, then the no. of processes it can hold at any 
time becomes limited. So virtual memory systems are implemented. The idea is when 
a page not currently in memory is referenced then only a page can be brought in to 
the memory. 

If there is no page frame free i in the physical memory for new page then O/S 
has to overwrite an existing page in physical memory. Which page should be 
overwritten is decided by page replacement policy. There are.some terms related to 
virtual memory system are as follows 


Locality of reference , 
This gives some basis to forecast whether a page is likely to be referenced in 


the near future based on its passed behavior and hence also whether you could throw 


that page out to make room for a new one. Clustering of page references in a certain 
time zone is called the principle of locality of reference. ; 


Page Fault 

When a process is executing with only a few pages in memory, and when an 
instruction is encountered which refers to any instruction or data in some other page, 
which is outside the memory, a page fault occurs. | , 


Working Set 

At any time a process has a no. of pages in the physical memory. The set of : 
pages in the physical memory neue referred to at any moment is called working © 
set. . 


Page Replacement Policy - | 

As no. of processes and no. of pages in main memory for each process 
increase; at some point of time, all the page frames become occupied. At this time, if 
a new page is to be brought in, the O/S has to overwrite some existing page in 
memory. The page to be replaced is selected by page tepicenient policy. O/S 
designer chooses these type of policy. 


Dirty Page 

Before overwriting a page in the memory the operating system has to check if 
that page has been modified after it was loaded from the disk. If that page is modified, 
it becomes a dirty page. The operating system maintains one bit for each physical 
page frame for checking whether a page is dirty or not. This bit is called dirty bit. 
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Demand paging 

ee Ta deniad paging a page is brought in only when demanded. 


1.15 BASICS OF GUI 


Poor human computer interface has always been | a problem area in Using 
computers. In the past computers were not very powerful. Cryptic commands. 
provided an interface to the computers operating system. 

The users were expected to remember these commands and what they stoog 
for. All the users would not be computer literates unless they knew the cryptic human 
— computer interface. The interface had to become more users friendly. Cryptic 
commands were converted into graphical representation. Such an interface is calleq | 
graphical user interface or GUI. | 


Windows operating system is GUI based operating system. The screen can be 

split into different partitions. Each partition can be of different size. This Pectuons is 

. called window and hence called windowing technology. 4 
Some of the characteristics of a window are its title, borders, vane area aiid | 
command area. 


Components of a Window | | 

Menu bars normally appear at the top of window under window title. When 
menu option is selected a pull down menu appears on the screen. A pull down menu 
will have an action on the left side and keyboard accelerates combination on the right. 


Maximize/Restore 
Minimize Button 


Upscroll Button 


Vertical Slider 


Down Scroll Button 


Fig. (1.15) Typical Window Structure 
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Scroll bars ! | 

A scroll bar consists of a horizontal or vertical scroll area with a slider box 
and an arrow in a box at each end. They are used to look at information, which is not 
currently visible in a window. 
Title bar 

It helps to identify each window separately. It displays generally programs 
name in title bar. 

Every Window i 1S having minimize, maximize, restore button. 
Minimize ae | 
This is used to minimize propre. window: but program is not closed, it goes 
to bottom line. 
Maximize/restore 

It is used for making window full screen. Then this button becomes restore 
button. When you click this button, window comes to its previous size. 
Close Itis used for closing window. 
Dragging Window 

For changing the position of. window on screen ae eae is used. For that 
select a window by clicking it. Press left mouse button. Keeping in that way move 
mouse pointer to new position on screen. Then release mouse button, now window 
appears at new position. 
Resizing Window 

Changing the size of window is called resizing. For resizing move the pointer 
on to the border of window. Now mouse pointer shape changes to double arrow, press 
left mouse button and move the pointer to left or right (according to border whether 
left or right.) and release button. Now the window size is changed. 


1.16 ACCESS AND SECURITY ASPECT OF O/S 
In general security systems will control through use of specific security 
features, access to information that only properly authorized individuals or processes 
operating on their behalf will have access to read, write, create or delete. 
OSI defines elements of security in the following terms: 
1) Confidentiality: Information is not accessed in an unauthorized manner. (Read) 
2) Integrity: Information is not deleted in unauthorized manner. (Write) 
3) Availability: Information is available to authorized users at right time. 


Securit 

Ability of O/S to control storage and transportation of data in and between the 

objects O/S supports is security. In multi-user environment concepts of security are 

very important. 

Security Threats 

1) Due to networking the user has to access data and programs at different locations. 
This has increased the threat to the security of computing. _ 

2) Sharing increases security threats. 


M 
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Major Threats 

1) Unauthorized use of service (tapping) Bs eae | | 

2) Unauthorized disclosure of information (dis 

3) Unauthorized alteration and deletion of information (amendment) 
4) Unauthorized fabrication of information. 

5) Denial of service to authorized users. 


Tapping / Disclosure Amendment . Fabrication Denial 


Fig. (1.16) 
Tapping and disclosure are passive threats and remaining are active threats. 


Attacks on security aaner are 
Security can be attacked in following ways. 
1) Authorization 
It means verification of access to the system resources. 


I) Intruder may guess or steal password and use it. ‘3 
2) Intruder may use vendor-supplied password, which is expected to use by 
system administrator. 

3) Intruder may find password by trial and error method. 
4) If user logs on and go for a break then intruder may use terminal. 


5) An intruder can write a dummy login program to fool user and that program 
collects information for its use later on, 


2) - Browsing 


Files are very permissive so one can easily browse System files. Due to that it 
may access database and confidential information can be read. 


3) Trap doors 
| Sometimes software designers want to modify their 
For that there are some secret entry points which 


require any permission. These are called trap d 
doors. bi 


programs after installation. 
programmers keep and it does not 
oors. Intruders can use these trap. 


4) Invalid Parameters 
Due to invalid parameters some security violation can take place 
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5) Line Tapping 
Tappings in communication line can access/modify confidential data. . 


6) Electronic Data Capture 


Using wire taps or mechanism to pick up screen radiation and recognize what is 
displayed on screen is termed as electronic data capture. 


7) Lost Line 


In networking, line may get lost. In such case some O/S log out and allow access 
only after correct identify of user. Some O/S cannot do this. So process will be 
floating and allow intruder to access data. 


8) Improper Access Controls 

Some administrator may not plan about all rights. So some users may have more 
access and some users have very less access. 
9) Waste Recovery 

If block is deleted its information will be as it is, until it is allocated to another 
file. Intruder may use some mechanism to scan these blocks. 


10) Rogue Software 
Programs are written to create mischief. Some of the programs under this are as 
follows: 
a) Trojan Horse: These programs seem to be harmless but actually harmful. 
b) Chameleon: It is similar to Trojan horse. It is a mimic logon program to 
collect all valid usernames and passwords on a system. 
c) Ordinary Software Bomb: It explodes as soon as it is executed. 
d) Timed S/W Bomb: It becomes active only at a specific time. ® 
e) Logical S/W Bomb: It is activated only if logical condition is satisfied. 
f) Worms: Programs attacking on node and spreading on other nodes. 
g) Virus: It gets attacked to other programs to cause damage. 
h) Rabbits: They are like worms. They replicate as soon as they execute. 


£17 COMPUTER WORM 

A computer worm is a full program by itself. It is written in such a way that it 
spreads to other computers over a network and it also consumes all resources of 
network. It was invented by research scientists at XEROX PARC research center. 
Internet Worm was introduced on November 2, 1998 into Internet by Robert Morris. 


Safeguards against worms 
a) Prevent its creation: This is achieved by strong security and protection 
policies. 
b) Prevent it’s spreading: Before Gunstebie any file on a network, user should 
be forced to sanction transfer. 
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1.18 COMPUTER VIRUS . | | 


It is written with a clear intention of infecting other programs. It is a part of a ; 
program, which normally piggybacks on a valid program. But it is not a complete 
program by itself. : ; | 


Types of viruses 

There are several types of computer virus as follows: 

a) Boot sector virus 

b) Memory resident virus 
c) File virus 
d) Command processor virus 
e) General purpose virus : . | | 
Generally classification is done based on what is affected or where the virus — 
resides. : 


Infection methods | | 

a) Append: In this method viral code appends itself to the. unaffected — 
program. 

b) Replace: In this method viral code replaces original executable program 
completely or partially. 

c) Insert: In this method the viral code is inserted in the body of an 
executable code to carry out some funny actions. | 

d) Delete: In this case viral code deletes some codes from executable — 
program. 3 . 2 

e) Redirect: In this case the normal control flow of a program is changed to 
execute some other code. 


Modes of operation | | . 
Virus works in number of ways. Generally developer of virus produces any 
interesting or useful program such as a game or utility. But his program has viral code 


embedded in it. Generally this program is developed under DOS. Then it is 
distributed to people. : 


Virus detection 


Normally virus detection program checks integrity of binary files. It maintains 
a checksum on each file. At regular frequency detection program calculates checksum 


as matches with original one. If there is mismatch then that program may be 
infected. 


Virus removal 


There are some viruses whose bit pattern in the code can be predicted. The 


virus removal program scans the disk for the patterns of known viruses and on 
detection it removes them. 
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Virus prevention | 
For prevention of virus always buy legal copies of software. Again take 
frequent backups of data and run monitor Programs frequently to detect virus. 


Difference between Computer Virus and Computer Worm 


Computer Virus Computer Worm 
1) It is not a complete program by 1) Itis PN 2a program. 
itself. ae 
2) Viruses cause direct ljarm to the 2) Worm generally consumes s system 
system by corrupting codes as well. resources. 
as data. | | | 
3) It cannot operate indeperidently 3) It operates-independently.. 
QUESTIONS 


1. Select the correct alternative 
(i)____ terminal does no processing on input characters. 
(a) Intelligent (b) Dumb (c) RS232. (d) None of these 
(ii) The time required for read write head to move to correct track is — (Mar. 09). 


(a) Latency time (b) Rotational delay (c) Seek time (d) None of these 


(iii) “Terminate a process’ is the system call available in management. 
(a) process (b) memory (c) information (d) file 

(iv) Linux is type of software. (March 2020) 
(a) Public (b) Free (c) Shareware (d) Licence | , 

(v) Opeutine system is a | (March 2003) 


a) Hardware, b) Software, c) Input device, d) Output device 


(vi) is not an operating system. (March 2004) 
a) UNIX b) LINUX )MS-DOS d) C++ | ‘oo 

(Vil) are thé operating system programs. (March 2005) 
a) Application programs b) Users programs | 
c) Process management programs d) Antivirus programs 

(viii)____is an operating system. x. (March 2007,2016) 
a) c+ b)C c) VB d) LINUX 

(ix) Terminate a Process is the system call availablein (March ne) 


a) Process -.b)Memory c) Information | 2 File 
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(x)Data is instantly updated in case of operating system. (Mar.2010) © 

a) Batch Processing b)Multi Processing  c) Multi user d) Real time 


management. (March 2016) - 


(xi) Context Switching is a term related to 


a) Process b) Memory _ c) Information 7 d) device : 
(xii) the time lost in turning the attention of processes from one process to another | 
is called as (March 2017) 


a) circuit switching b) bandwidth c)context switching d) bracket switching 


2. What is Operating system? Explain major services of OS. (March 2009,2020) 

3. What are the features of Windows NT operating system? (March 2016,17) 

4, Explain in brief the following programs of MS-Window. — (March 2003,07,09) | 
a) Program manager, b) File manager, c) Control panel | 


5. What are the eamponents of LINUX ope sune system? Explain any three features 
of it. | _ (March2004,2019) 


6. With reference to process management ssidmn the terms: (March 2003) 
a) External priority, b) Purchase priority, c) Internal priority, d) Time slice 


a Explain the three main functions performed by a memory management module of | 
an operating system. State any four-memory management systems.(Mar.03,17) | 


Ae 8. Which are three major areas in which the operating system divides its services. 

G ’ Give examples. | (March 2002,08) 

2 9. What is virtual memory? Explain following terms with respect to virtual memory.. | | 
a) Page fault _ b) Dirty bit | 

10. Explain context switching at process level in multiprogramming system with 

example. | = | (March 2002) 

11. What objectives are consiilered while scheduling processes? Explain. 


12. State the various steps involved in allocation of a: partition in case of fixed 


partition memory management. (March 2002) ; 
13. What is GUI? Explain components of GUI. : (March 2004,05) 
14, Explain the following with respect to GUI: (March 2007) 

1) Scroll bar ii) Title bar ~. iii) Minimize 


15. Explain in short the function of menu bar and scroll bar components of GUI. 


(March 2002, 08) 
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16. What is GUI? Write any two features of GUI. | (Mar.2005) 
17.What is VDU? Explain the following terms. | . 

a) Dumb terminal b) Intelligent terminal | (March 2002) | 
18.What is virus? State the various types of virus and the basis in which they are 
classified. (March 2002) 
19. What is Computer Virus? State any ‘four methods by which a virus can infect 
other programs. : . ( March2005,06,17,20) . 
20.What is computer worm? Explain its mode of Sperarion:| _, (March 2003) | 
21.. Differentiate between the following. Fs FNS ~ (March2004) 

a) Computer worm and computer virus ; | (March2009) 


b) Fixed partition and variable partition. | 
22. Explain the following terms a) Multiprocessing b) Degree of multiprogramming 


23. Explain the difference between contiguous and non-contiguous allocation. 
24.Explain the single contiguous and fixed partitioned memory management systems ~ 


with a suitable memory mapping diagram. (March2005.10) 
25.State the various steps involved in allocation of a partition in case of fixed 
partition memory management. (March2006) 
26. Explain the concept of virtual Memory. Explain any three terms used in virtual 
memory. | (March 2004) 
27. Explain the file system relied to Information Management with file operations 
only. . (March 2007) 


28. What are the different functions performed by Memory Management in operating 
system? Draw a memory map of a single user computer. Explain types of 


partitioning in brief. (March 2004) 
29. What is meant by a System Call? ow it is used? How does an Application 
program (AP) use these calls during execution? (March 2006) 
30. Explain the following terms in case of magnetic disk: (March 2006,10) . 
i) Tracks and Sectors ii) Seek Time — | 
iii) Transmission Time iv) Latency / Rotational Delay 
31. Explain virus detection, removal and prevention (March 2016) 
Answers Q. (1) 
i) Dumb ii) Seek lii)Process- | 
iv)Free v)software  vi)C++ . vii) Process management programs 


vill) LINUX ix) Process. | x)Realtime xi)process xii) context switching 
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DATA STRUCTURES 


INTRODUCTION q 
Everyone knows, what is stefan One of the tools for writing the programs 4 
is High Level Language. Almost all high level languages provide the facility of built- | 
in data structures. Often, we use these tools without concern about their actual | 
implementation, such as a welder can use a welding machine without knowing much - 
about electricity. However, built-in data structures provide limited applications. So j in | 
order to get number of interesting and useful ways of structuring data, programmer | 
must build various data structures in his program. In this chapter, we will study some * 
useful data structures. 
In order to store and retrieve individual data items, the accessing function are- 
defined. Due to these functions, the collected data is organized. 
For implementation of any data structure we should know: 
(a) How much memory space is required 
(b) How to access data by coded functions | 
Data is simply a set of values. Generally collection of data is syeanied into 
hierarchy of fields, records, and files. 4 
e.g. If you consider student's information as follows: 


|Name___——|__—Roll No. __ | Physics | _Chemistry [Maths] 
eT A | 

In above e.g. name, roll no., physics, chemistry and maths are fields. The — 
collection of actual values of fields forms a record. The collection of such type of 
records forms a file. 


a Key 
A certain field may uniquely determine the record in a file. Such a field i is 
called primary key. In the above example Roll:No. is a primary key. 
The above organization of data into fields, records, files may not be complex : 
enough to maintain and efficiently process certain collections of data. For this reason | 
data is organized into more complex type of structures. 


2.1 DATA STRUCTURE © 


The logical or mathematical model of a particular organization of data is : 
called data structure. 


The choice of data model depen on two considerations, 


1) It must be rich enough in structure to mirror the actual relationships of the 
data in real world.: | 
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2) Structure should be simple enough that can effectively process the data 
whenever necessary. 
Few examples of data structures are array, list, binary tree etc. 


Data Structure Operations | . 

The data in data structures are processed by certain operations like: 
1)Traversing: For processing certain item in record, each record is accessed 
exactly once. (Visiting a record) a 
2)Searching: Finding location of a record with given key value or finding the 
locations of all records, which satisfy one or more conditions. , 


3)Inserting: Adding a new record to the structure. 
4)Deleting: Removing a record from a structure. 
5)Sorting: Arranging the records in some order. 


6)Merging: Combining the records in two different sorted files into a single - 
sorted file. 


2.2 ALGORITHMIC NOTATIONS 
An algorithm is a finite step-by-step list of well-defined ‘instructions for 

solving a particular problem. The form for formal representation of an algorithm 
consists of two parts, 

1) It tells the purpose of algorithm, identification variables, which occur in 

algorithm and lists, input data. . | 

2) It-contains list of steps that is to be executed. 
There are certain conventions, which has to be followed in algorithms. 


i) Step, control, exit 
The steps of algorithm are executed one after another beginning with step1. 
Sometimes control may be transferred to step ‘n’ of algorithm by statement 
‘soto step n' or using control structures. 
The algorithm is completed with the statement Exit’. 


ii) Comments | 
It is given in brackets either at beginning or end of step. It indicates the main 


purpose of step. 


iii) Variables 

Variable names are generally given in capital letters. Also variables used as 
counters or subscripts are in capitals. 
Assignment Statement 

It uses: = notation 

e.g. MAX: =5 

Where MAX is a variable 
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iv) Input / Output 
For input read statement is used 
Read: Variable name 
For output write / print statement is used. 
Write: Messages / Variable names 


Procedure , eee. 
It is used for independent algorithm modules. The term procedure will be used 
to describe a certain type of sub algorithm. : 


Example of algorithm ' | 

An algorithm to find largest element in array _ 

A nonempty array DATA with numerical values is given. This algorithm finds 
the location LOC and the value MAX of the largest element of DATA. The variable 
_ Kis used as a counter. 

Step 1 [Initialize] Set K: = 1, LOC: = 1 and 
MAX: = DATA [1] 

Step 2 [Increment Counter] Set K: = K+1 

Step 3 [Test Counter] If K > N then: 


Write LOC, MAX and Exit 
Step 4 [Compare and Update] 

If MAX <DATA [K], then: 

Set LOC: = K and MAX: = DATA [K] 
Step 5 [Repeat loop] Goto Step 2 , 


Control Structures 


Generally three types of logic are used in algorithms that are as follows, 
1) Sequence Logic 2) Selection Logic 3) Iteration Logic 


1) Sequence Logic 


Generally modules are executed in some sequence. The sequence is represented | 


by means of numbered steps. Generally flow pattern is as follows, 


Flowchart 
Algorithm Module A 
Module A Module B 
Module B 
Module C Module C 


Fig. (2.1) Sequence Logic 
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2) Selection Logic 
This logic employs a number of conditions. Accordingly which condition is 
satisfied that module is executed. Generally the following statement gives end of 
such a structure. _ 
[End of IF Structure] 
These structures are of three types 
> Single Alternative 
| This structure has the form 
E IF condition, then: 
[Module A] 
[End of IF Structure] 


Fig. (2.2) Single Alternative 


If condition holds true then Module A is executed, otherwise Module A is 
skipped and control transfers to the next step of algorithm. | 


> Double Alternative 
This structure has following form 
IF condition, then: 


[Module A] 
Else: 

[Module B] 
[End of IF Structure] 


Fig. (2.3) Double Alternative 


s 
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If condition is true Module A is executed and if condition is false Module B is 
executed. 


Multiple Alternatives 
If condition [1] then: | 
[Module A1] | t. 400 Ate 
Else if condition [2] then: 
[Module A2] | | | 


Else if condition [M] then: word 


[Module AM] | | 4 
Else: | | 

[Module B] gees | 
[End of if structure] : 


Example of Selection Logic; 
Algorithm _ : ie 
This algorithm inputs the coefficients A, B, C of a quadratic equation and. 
outputs real solutions if any, 7 | 
Step 1: Read: A, B, C 
Step 2: Set D: = B’-4 AC 
Step 3: If D>0, then: 
. a) Set X1:=[-B+ JD] /2A 


and X2:=[-B-/D]/2A 
Else if D = 0, then: 
a) Set X:=-B/2A 
b) Write: 'UNIQUE SOLUTION' 
Else: 
Write 'NO REAL SOLUTIONS' 
[End of IF Structure] 
Step 4: Exit | 


3) Iteration Logic 


Generally these types of structures are called loops. In that two types of loops are 
there, 1) Repeat for, 2) Repeat while | 
1) Repeat ... for 
Form 
Repeat for K = R to S by T 


[Module] 
[End of loop] 
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Where K = Index variable 
R = Initiaf value of K 
S = Final value of K 
T = Step (increment/decrement) 
*The loop is executed for all values of K starting from R to S with step of T. 


Fig.(2.4) Repeat ... For Logic Fig.(2.5) Repeat.. While Logic 


2) Repeat ... while 
It uses a condition to control the loop. 


Form . 
Repeat while condition: 
[Module] 
[End of loop] 


The loop continues till a condition is true. There must be initialization 
statement and there must be a statement that will change index variable in loop. 
Algorithm using Repeat while loop (To find largest element in array.) 
Given a nonempty array DATA with N numerical values. This algorithm finds 
the location LOC and the value MAX of the largest element of DATA. 
l [Initialize] Set K: = 1, LOC: = 1 : 
and MAX: = DATA [1] 
2 Repeat steps 3 and 4 while K<= N 
3 If MAX<DATA [K] then: 
Set LOC: = K and MAX: = DATA [K] 
[End of If Structure] 
4 Set K: = K+1 | 
[End of step 2 loop] 
5 Write: LOC, MAX 
6 Exit 
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Algorithm for inserting element into a linear array 
INSERT [LA, N, K, ITEM] 
LA = Linear array 
N = Total no. of elements in the array 
K = Any positive integer, K<=N 
This algorithm inserts an element ITEM into the K" position in LA. 
[Initialize Counter] Set J: = N- 
Repeat steps 3 and 4 while J>K 
[Move J” element downward] Set LA [J+1]: =LA [J] 
[Decrease Counter] Set J: = J-1 
[End of step 2 loop] 
[Insert element] Set LA [K]: = ITEM 
[Reset N] Set N: = N+1 
Exit 


PWN 


a 


Number” 9 is inserted 4 is deleted 


|! a | 
Lo 
| 6 
at as a en 
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Original Addition of Deletion of 
Array . element in element from 
middle arra arra 
_ Fig. (2.6) 


Deleting Element in array 
It refers to the operation of removing one of the elements from A. Deleting at 
an end of array is simple but deleting an element somewhere in the middle of the 


array would require that each subsequent element be moved one location upward in 
order to fill up the array. 


Algorithm for deleting an element 


This algorithm deletes the K" element from a linear arr 
a variable ITEM. ay LA and assigns it to 


DELETE [LA, N, K, ITEM] 


LA = Linear array N = Total no. of elements in array 
K = Any positive integer such that K<= N 


1. Set ITEM: = LA [K] 
2. Repeat for J: =K to N-1 
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3. [Move J+1™ element upward.] Set LA [J]: =LA U+1] 
[End of loop] 
4, [Reset the number N of elements in LA.] 
Set N: = N-1 
5. Exit 


2.4 BUBBLE SORTING 

Sorting means, rearranging the elements in increasing or decreasing order. 
Suppose A[1], A[2],..... A[n] are in memory. Then bubble sort algorithm works as 
follows: 

Compare A [1] and A [2] and arrange them in the desired order, so that A [1], 
A[2]. Then compare A [2] and A [3] and arrange them so that A [2], A [3]. Continue 
this process until we compare A [N-1] with A [N] so that A [N-1], A [N]. | 


Step 1: It involves n-1 comparisons. During this step, the largest element is coming | 
like a bubble to the n™ position. When step 1 is completed A[N] will contain the 
largest element. 


Step 2: Repeat step 1 with one less comparison. Step 2 involves n-2 comparisons, 
when step 2 is completed we get second largest element A[N-2]. 


Step 3: Repeat step 1 with two less comparisons. It involves N-3 comparison. 


Step N-1: Compare A[1] with A[2] and arrange them so that A[1] ,[A[2]. 
After n-1 steps the list will be sorted in increasing order. 


Pass 

The process of sequentially traversing through all or part of a list is called a 
pass. Each of above step is actually a pass. The bubble sort algorithm requires: N-1 
passes where n is number of input items. 
The time required for sorting algorithm is measured in terms of comparisons. 
Specifically there are n-1 comparisons during first pass n-2 comparisons in secone 
pass and so on. 
Complexity of algorithm 
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The time required to execute bubble sort algorithm is proportional to n where 
n is number of input items. 


Data Structures | a 


/ 


3, [Move J+1" element upward.] Set LA [J]: =LA. U+E] 
fEnd of loop] 
4, [Reset the number N of elements in LA.] 
Set N: = N-1 i 
5. Exit 7 


2.4 BUBBLE SORTING 

Sorting means, rearranging the elements in increasing | or decreasing order. 
Suppose A[1], A[2],..... A[n] are in memory. Then bubble sort algorithm works as 
follows: 

Compare A [1] and A [2] and arrange ote in the desired order, so that A [1], 
A[2]. Then compare A [2] and A [3] and arrange them so that A [2], A-[3]. Continue 
this process until we compare A [N-1] with A [N] so that A [N-1], A [N]. — aa 


Step 1: It involves n-1 comparisons. During this step, the largest element is coming © 
like a bubble to the n™ position. enen step 1 is pomplete’ A[(N] will contain the 
largest element. 


Step 2: Repeat step 1 with one less comparison. Step 2 involves n-2 comparisons, 
when step 2 is completed we get second largest element A[N-2]. 


Step 3: Repeat step 1 with two less comparisons. It involves N-3 comparison. 


Step N-1: Compare A[1] with A[2] and arrange them so that A[1] {A[2]. 
After n-1 steps the list will be sorted in increasing order. 


Pass | 
The process of sequentially traversing through all or part of a list is called a 
pass. Each of above step is actually a pass. The bubble sort algorithm requires N-1 
passes where n is number of input items. , 
The time required for sorting algorithm is measured in terms of comparisons. 
Specifically there are n-1 comparisons during first pass n-2 comparisons in second 
pass and so on. 
Complexity of algorithm 
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The time required to execute bubble sort yess is proportional to n* where 
n is number of input items. 
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Algorithm | . .< 
[Bubble Sort] BUBBLE [DATA, N] 
Here DATA is an array with N elements. This algorithm sorts the elements jp - 
DATA. oes ee | 
1. Repeat steps 2 and 3 for K = 1 to N-1 
2. Set PTR: = 1 [? pass pointer PTR.] _ 
3. Repeat while PTR<= N-K. [Executes pass.] 
a) IF DATA [PTR] > DATA [PTR + 1], then: 
Interchange DATA [PTR] and DATA [PTR + ie 
[End of IF structure} 
b) SetPTR:=PTR+1 _ 
[End of inner loop.] | 
[End of step 1 outer loop.] 
4. Exit. 
Searching : 
Searching refers to the operation of finding the location of given element in 
the list. The most commonly used searching neous are linear search and mnaty : 
search. | 
In linear. eeirch the given element is compared with each element of list one 
by one. This method is also called sequential search. 


Algorithm Linear Search 
LINEAR [DATA, N, ITEM, LOC} 

Here DATA is a linear array with N elements and ITEM is a given item of 
information. This algorithm finds the location LOC of ITEM in DATA or sets 
LOC: = 0, if search is unsuccessful. 

1. [Insert ITEM at the end of DATA] set DATA [N+1]: = ITEM 

2. [Initialize counter] set LOC: = 1. 

3. [SearchforITEM] | 

Repeat while DATA [LOC] + ITEM 
Set LOC: = LOC + 1. 
[End of loop] : 
4. [Successful?] IF LOC = N+1 eae set tLOC: = 0 
5. Exit 


2.5 BINARY SEARCH 


While using this searching method array should be on in increasing 
numerical order. 

Suppose DATA is an array, which i is sorted in increasing numerical order, and 
we want to find out the location LOC of a given ITEM of information in DATA. 

Then binary search algorithm a applied works as follows. During each search 
for ITEM is reduced to a segment of elements of data: 


DATA [BEG], DATA [BEG +1], DATA [BEG+2],..... DATA [END] 
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Here BEG and END variables denoted beginning and end locations of the 
segment under consideration. This algorithm compares ITEM with middle element 
DATA [MID] of the segment where MID is obtained by 

MID = INT [((BEG + END)/2] 7 

If DATA [MID] = ITEM then the search is successful and we set LOC: 
MID otherwise a new segment of DATA is obtained as follows, 

a) If ITEM<DATA [MID] then item can appear in left half of the segment. 

DATA [BEG], DATA [BEG +1].,..... DATA [MID-1] | 
So we reset END: =MID-1 and begin searching again 
b) If ITEM > DATA [MID] then ITEM can appear only in the right half of 
the segment. 
DATA [MID+1], DATA [MID+2],..... DATA [END] 
So we reset BEG: = MID+1 and begin searching again. | 
c) If ITEM is not in DATA then eventually we obtain END < BEG 


It means that search is unsuccessful. In this case we assign Loc: = NULL 
(Generally we begin with BEG=1 and END=N or more generally we can say 
BIG=LB and END=UB) . 


Algorithm for Binary Search 
(Binary Search) BINARY [DATA, LB, UB, ITEM, LOC] | 
Here DATA is sorted array with lower bound LB and upper bound UB and 
ITEM is given item of information. The variables BEG, END and MID denote 
respectively the beginning, end and middie location of a segment of elements of 
DATA. This algorithm finds. the location LOC of ITEM in DATA or set 
LOC=NULL. 
1. [Initialize segment variables. ] 
Set BEG: = LB, END: = UB and MID=INT [(BEG+END)/2] | 
2. Repeat steps 3 and 4 while BEG <= END and DATA [MID] # ITEM 
3. IF ITEM < DATA [MID], then: 
Set END: = MID-1 
Else: 
Set BEG: = MID+1 
[End of IF structure] 
Set MID: =INT [((BEG+END)/2] 
[End of step 2 loop] 
IF data [MID] = ITEM, then: 
Set LOC: =MID 
Else: 
Set LOC: =NULL 
[End of IF structure] 
4. Exit 
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Here BEG and END variables denoted beginning and end locations of the 
segment under consideration. This algorithm compares ITEM with middle element 
DATA [MID] of the segment where MID is obtained by 
MID = INT [(BEG + END)/2] 
If DATA [MID] = ITEM then the search is successful and we set LOC: 
MID otherwise a new segment of DATA is obtained as follows, 
a) If ITEM<DATA [MID] then item can appear in left half of the segment. 
DATA [BEG], DATA [BEG +41],..... DATA [MID-1] 
So we reset END: =MID-1 and begin searching again 
b) If ITEM > DATA [MID] then ITEM can appear only in ie right half of 
the segment. 
DATA [MID+1], DATA [MID+2]...... DATA [END] 
So we reset BEG: = MID+1 and begin searching again. 
c) If ITEM is not in DATA then eventually we obtain END < BEG 


It means that search is unsuccessful. In this case we assign LOC: = NULL 


(Generally we begin with BEG=1 and END=N or more generally we can say 
BIG=LB and END=UB) 


Algorithm for Binary Search 
(Binary Search) BINARY [DATA, LB, UB, ITEM, LOC] 
Here DATA is sorted array with lower bound LB and upper bound UB and 
ITEM is given item of information. The variables BEG, END and MID denote 
respectively the beginning, end and middie location of a segment of elements of 
DATA. This algorithm finds. the location LOC of ITEM in DATA or set 
LOC=NULL. 
1. [Initialize segment variables. ] 
Set BEG: = LB, END: = UB and MID=INT [(BEG+END)/2] 
2. Repeat steps 3 and 4 while BEG <= END and DATA [MID] # ITEM 
3. IF ITEM < DATA [MID], then: 
Set END: = MID-1 
Else: 
Set BEG: = MID+1 
[End of IF structure] 
Set MID: =INT [((BEG+END)/2] 
[End of step 2 loop] 
IF data [MID] = ITEM, then: 
Set LOC: =MID 
Else: 
Set LOC: =NULL 
[End of IF structure] 
4. Exit 


er. | 


44 Data Structy, 
hi! 

Complexity of Binary Search Algorithm 

The complexity is measured by the number of f (n) of comparisons to locate 
ITEM in DATA where DATA contains n elements. Each comparison reduces sample 
size in half. So we require at most f (n) comparisons to locate ITEM where 

f (n) = [log.n]+1 ; 
Applications: 

(1) This algorithm is used to search ordered array. 

(2) To find out the target element whether it is present or not. If present then 

correspondingly it gives position in the array. 
Limitations: 

(a) The given list must be sorted. | 

(b) The access of list must be random means; the middle element can be accessed. 


2.6 POINTER ARRAYS 
An array whose each element is a pointer is called pointer array. 
e.g. int * p[4] — pointer array 
int a [4] — array of integers 
plOJ= &a[e! pli] = &a[1] 
pl2]= &a[2] p[3]= &a[3] 
This pointer array p holds the address of each element in array a So it is called 
pointer array. 


Detailed Example of Pointer Array 


Suppose TEAM is an array, which contains the locations of different teams or 
more specifically locations of first elements in different teams. 


Ravi 
Rakesh 


[Keni 
[Ramesh 
Nien 


Sentinel of group 
[End of group] 


Team 1 


Team 2 
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3 
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OOANODOAR WD = 


— 
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Team 3 


Fig.(2.7) Example of an Array 
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Team ze and Team [L+1]-1 contains respectively the first and last elements 


in Team L. 
e.g. Team 1———~> 1 ————> first element of Team 1 


Team [1+1]-1————> 4 ———— last element of Team | 
Team 4 points to the sentinel of lists. 


2. 7 RECORD 

A record is collection of related intas items. Each data item is termed as field. 
File is collection of similar records. Each data item may be a group item Sade of 
sub items. 


Comparison 
Record . Linear Array 
(1) A record may be acollectionof . The data items in an array 
non homogeneous data; may have same data types. 


i.e. the data items in a record may 
have different data types. 


(2) The data items in a record are There may be natural 
indexed by attributes . - ordering of 6 elements. 
So there may not be a natural 
ordering if its elements 


Example of Record 

Suppose a college keeps a record of each. student, itch. contains the 
following data items. 

ITEM — SUBITEM 

Name Last, First, MI (Middle Initiakg} 

Address 

Stream division 

Phone | 


The structure of above record is described as follaws: 
1. Student : 
2. Name 
3. Last 
3. First 
3. MI (Middle Initial) 
2. Address 
2. Phone 
2. Stream 
3. Division 


The number to the left of item name (i.e. identifying) representS a level. 


a 
aa 
ae 
3 
Be 


number. Sub items follow each group item and the level of sub items is 1 more than © 


the level of group item. 


How to access item in record 


Suppose we want to know the last name of student then it is accessed using — 


dot operator as follows, 
Student.name. last | | : 
Generally for separating sub items from group items dot is used. _ 


Representation of records in memory 


Since records contain nonhomogeneous data it can't be stored in array. Some. 


higher-level languages are having built in record structure (for e.g. PL/1, PASCAL, 
COBOL). Suppose these types of structures are not available in language then record 
has to be stored in individual variables. But if we want to keep entire file of records, 


then all data elements belonging to the same identifier will be of same type. Soafile | 


may be stored in memory as coilection of arrays. 
| e.g.  Studentfile — 


Name Address ' Phone Stream 
Kulkarni SmitaL. 19, ShaniwarPeth = 4456184 ’ Arts 
Patil Ajit D. 24, M.G. Road 6361621 Commerce 


Here elements in arrays name, address, phone, and stream, with same © 


subscript belong to the same record. 


2.8 LINKED LIST 


Linked list or one-way list is a linear collection of data elements called nodes — 


where the linear order is given by means of pointers. Each node is divided into two 


parts: 
1. First part contains the information of the element. ae 
2. Second part contains the address of next node in list (it is called link field). 
START is a pointer variable, which contains the address of first node. _ 
Left part represents the information part of the node while right part represents 


the next pointer field of node. The pointer of last node contains a special value called | ; 


NULL, which is an invalid address . 
The schematic diagram of a linked list with 4 nodes is shown below, | 
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START 


Information part of node 2 


Next pointer field of node 2 < 


Fig. (2.8) A Linked List 
The following diagram shows a linked list 
1) Name of player and no. of runs from an information part while next 
pointer field gives the next node's address in linked list.. 
1) Start ——> 4 
2)4 ——> 1 
3) 1 ———> 3 
4) 3 ———> 2 
5) 2 ———> last node 


Name of Player a 
pe 
ears Ba 


Fig. (2.9) 


Representation of Linked List in Memory 

Let List be a linked list. Then LIST will be maintained i in memory as follows, 

1) LIST requires 2 arrays; we will call them here INFO and LINK such that 
INFO [K] and LINK [K] contain respectively the information pa and 
next pointer field of a node K of list. 

2) LIST also requires a variable name such as START, which contains the 
location of beginning of list and next pointer sentinel denoted by NULL, 
which indicates end of list. 

The following e.g. shows how linked list is stored in memory. The nodes of 
the list need not occupy adjacent elements in the arrays INFO and LINK and more 
than one list may be maintained in the same linear arrays INFO and LINK. But each 
list must have its pointer variable giving the location of its first node. : 


4$ 


START [9 | 
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Linked List can be picturized in following manner:. 
1) START = 9, INFO [9] =L, LINK [9] = 3 
2) INFO [3] = 1, LINK [3] =4 | 
3) INFO [4] =N, LINK [4] = 8 
4) INFO [8] = K, LINK [8] = 11 
5) INFO [11] =L, LINK [11] =6 © 
6) INFO {6] =I, LINK [6] =7 
7) INFO [7] = 8S, LINK [7] = 12 | 
8) INFO [12] = T, LINK [12] =0..... last node 
- ie. "LINK LIST" string is stored in form of Linked List. 


Advantages of Linked List 


Generally lists are stored in form of arrays. But in arrays insertion and 


deletion is not easy. Also array size can't be easily increased. Using linked list this 


problem can be solved. 


2.9 TREE DATA STRUCTURE 


In case of Link data structure, each node has link information of next node. 


Thus sequentially, we can access all the nodes. . It will be time consuming for ‘ 


searching long list;because each node has information about next node only. 
In order to reduce time consumption, binary tree concept was developed. 
Before going to binary search tree, let us learn basics of tree structure. 


structure. 
Node : It is as element of list. It may be a character, string or number. — 
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Tree is an hierarchical structure of collected data items.It is nonlinear — 
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Node 
ROOT 


CHILD 
(a) LEFT CHILD 
(b) RIGHT CHILD 


PARENT 
LEAF 


SIBLINGS 


ANCESTOR 
DESCENDANT 


LEFT SUBTREE 


RIGHT SUBTREE : 


LEVEL 
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Level 6 


Level 1 


Level 2 


Leve! 3 


Level 4 — 


Fig. (2.10) A Tree data structure 


Node’s description 
A node which has no parent. 
The node containing ‘A’ is the root of the tree. 
Nodes of root. 
The left node of root. 
The right node of root. : 
The node containing A has. left child containing _ B 
and right (child containing node C.) . 
Node which has child (or children). A is parent of B 
and C | 
:The node which has no child (or adieu DG, K, M 
are leaves. 
Two nodes have the same parent. The nodes containing 
D and E are both children of the node oa B. 
These nodes are siblings. 
The node is an ancestor of another node, if it is a parent - 
of that node. The ancestors of the node containing G 
are the nodes containing E,-B, A. ROOT is always an 
ancestor of every node. 
The node is a descendant of another nodes if itis a child 
of that node. The descendant of the node containing E 
are. the nodes containing G, H, K. All nodes in | the tree 
are descendants of the ROOT. 
The descendants of root’s left child which acts a root OF 
subtree. 
The descendants of root’s night child which acts a root of 
subtree. - 


The distance from the ROOT. The ROOT is » always at 


zero (0) level. 
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LEFT TREE RIGHT TREE 


Level 0 


LEAF LEAF 


_ Fig. (2.11) 
Types of Tree : ; 
Trees can be classified according to node structure such as | 
1) Null tree : a tree without node. | ? | oe | 4 | 
2) Binary tree : A tree which has left and right child. © 
3) Ordered tree : Children of each node are ordered from Left to Right. - 
4) Nonordered tree : Children of each node are not ordered from Left.to Right. 


Binary Tree | a 
A binary tree T is defined as a finite set of elements called nodes, such that 
1) T is empty (called NULL tree or empty tree) or 2) T contains a 
distinguished node R called the root of T and remaining nodes of T form an ordered | 


pair of disjoint binary trees T; and Tp. a | 7 
eg. | A 


. : Fig. (2.12) Binary Tree a | 
“If T contains a root R then the two trees T, and T> are called respectively left 

and right sub trees of R. If T; is nonempty, then its root is called left successor of R. 

Similarly if T2 is nonempty then its root is called right successor of R. 

1) B is left successor of A and C is right successor of node A refer fig. (2.12). 


2) The left sub tree of root A consists of node B, D. and E d the iws fA 
consists of nodes C, G, H, J, K and L. » Vv, and the right subtree o 


3) Any node N in a binary tree T has either 
have two successors. The nodes D, E, G, 
are called terminal nodes. 


0, 1,2 successors. The nodes A, B, C, 4 
L and K have no successors that nodes 
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Binary tree T and T; are said to be similar if they have same structure. The trees 
are said to be copies if ea are similar and if they have same contents at 
corresponding nodes. 


Algebraic Expressions 7 
These can be represented as tree. Each variable or constant in E appears as 
internal node of T whose left and right subtrees corresponding to the operands of 


operation. 
E= (arbyn(etahte) 


TN: 


/\ ae 
A LN | 


Fig. (2.13) 


Complete Binary Tree 
Consider any binary tree T. Each node: at T.can have at most two children. _ 


The level r of T can have at most 2' nodes. The tree T is said to be complete if all its 
levels except possibly the last have maximum no. of possible nodes and if all the 
nodes at the last level appear as far as left as possible, ; 


Vio 


INS /\. 
AAA 


Fig. (2.14) 910 11 12 1314 


The left and right children of node K are 2 * K and 2*K + 1 and the as of 


K is the node K/2. 


e.g. 4" node 
Parent node —— 4/2 = 2 


Children ———> 1) 4*2=8 2) (4#2)+1=9 
— depth of complete binary tree is given by, 
= flog. n+ 1] 
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Extended Binary Tree 


A binary tree T 1s said to be 2 tree or extended binary tree, if each node N has 
either n or 2 children. In this case nodes with 2 children are called internal Nodes 
while nodes with 0 children are called external nodes. | 

Any binary tree may be converted into a 2 tree by replacing ' each emp 


ty. 
subtree by a new node. The nodes in original tree are internal nodes in the extendeq 
tree and the new nodes are external nodes in the extended tree. 


Binary Tree (Original) - 


() —— > internal node 


LI 


(External Binary Tree) 


> External node — 


Fig. (2.15) 
Representing binary tress in memory 


Let T be a binary tree. There are two way of representing binary trees in 
memory. |) Linked representation 2) Sequential representation | 
1) Linked representation 


In this method 3 parallel arrays are used INFO, LEFT and RIGHT. | 
1) INFO [K] contains the data at node N. | 


LEFT [K] contains the location of left child of node N. 
) RIGHT [K] contains the location of right child of node N. 
4) ROOT will contain the location of root R of T. Itis a pointer variable. 
5) Tf any subtree is empty then corresponding pointer will contain a null 
value. 


Fig.(2.16) 
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Sequential Representation 
Suppose T is Some binary tree then only single linear array TREE is used 
as follows: | 


he 
OMIAMBRWNeY 


/ \ ‘ 
11 30 90 
| Vi | /. 10 
15 25 88 mel 
| 12 
Fig. (2.17) 


1) The root R is stored in TREE [0] 
1) If node N occupies TREE [K] then left child is stored in TREE [2 * K] and 
its right child is stored in TREE [2 * K + 1] 
2) If TREE [1] = NULL then it is empty. 


2.10 STACK AND QUEUE DATA STRUCTURE 

A stack is a list of elements in which an element may be inserted/deleted only 
at one end, called the top of stack. Elements are removed from a stack in a reverse 
order of that in, which they were inserted into the stack. So it is generally referred as 
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LIFO ( Last In First Out structure). . 
Two basic operations associated with stack are as follows 
1) Push — To insert an element into a stack. 
2) Pop — To delete an element from a stack. 
Best example of stack is stack of dishes. 


Example: Suppose A is empty stack. Following 5 elements are pushed onto the stack, 
1) Pentium 7 | 
2) 8085 microprocessor 
3) 8051 microcontroller 
4) 80486 © 
5) 8255 peripherals Fae. 
Stack is represented in following diagram 


Stack A 


8255 peripherals 


80486 
8051 microcontroller 
8085 microprocessor 


1 2 3 4 ee no eae TN 
8085 8051 80486 8255 | 
microprocessor | microcontroller peripherals 
Top of Stack — 


In this case 4"" element can’t be deleted before 5'" element. In the same way 
for other elements also. The elements may be popped from the stack only in reverse 
order of the in which they were pushed onto the stack. | 
Queue | | 

A queue is a linear list of elements in which deletions can take place only at 
one end called the front and insertions can take place only at other end called the reat: 
Queues are also called FIFO (First In First Out lists) i.e. first element in a queue 
will be first element out of the queue. Queues abound in every day life. E.g. queué 

_ waiting for a bus. ‘gee 
e.g. fig. shows a schematic diagram of a queue. 


‘ Pee 


Front element Rear element 
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2) Suppose A is deleted from oar 


oo 


Front element Rear.element 


3) E & F elements are added: 


sine oogenesis! 


Front element Rear element 


4) B is deleted: 


Front element Rear element 


QUESTIONS 


1) Select the correct alternative and rewrite the following: 


a) Maximum number of nodes of symmetric binary tree with depth of 5 is 
i) 5, ii) 25, iii) 31, iv) 32 _ _. (Mar. 2002) 


b) To find the location of record with a given key value is called 


i) Searching, ii) Sorting, iii) Finding, iv) Merging | (Mar. 2005) 
C) is very useful in situation when data is to be stored and retrieved in 
reverse order. La fe 3 oe (Mar. 2019) 


i) Stack, it) Queue, iii) Linked List, iv) Tree 


d) The number of comparisons required for bubble sorting of an array of 'n' 


elements is : | ' (Specimen Paper) 
i) n(n-1)/2, ii) n/2, iii) loge n, iv) logio n 

e) ____ is the operation of rearranging the eiements of an array either in 
increasing or decreasing order. 


i) Sorting, ii) Searching, iii) DMS, iv) DBMS | (Apr 90) 
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f) Accessing each element of an array only once is called - (Mar.2003,11) 


i) Traversing, ii) Searching, ii) Locating iv) Selecting 


g) The most efficient search algorithm is (Mar. 2008 
i) Binary Search ii) Reverse Search fii) Linear Search, iv) Pointer Search 


h) Finding the location of record with a given key value is known as (Mar.2005) 


a) Traversing b) Searching . c) Sorting _» -d) Inserting 
i) Maximum number of nodes of symmetric binary tree with depth ot 7 is -------. 
a) 125 b) 127 | c) 128 | : d) 124 - (Mar. 08) 
j) Stored list is essential in process of an array. | ee (Mar.2010) 


i) Linear Search ii) Binary Search _ iii) Traversing, iv) Insertion 
- data. Nee te ~(Mar.2009) 


k) Record contains 


i) Homogeneous ii) Non-homogeneous iii) same iv) none.of these | 


‘dD data structure does not require contiguous memory allocation. — 
a)array . _b) string | c) pointer array d) Linked list | (Mar.2015) 
m) A record is collection of | ~ (Mar.2017) 
| a) files b) arrays _¢) fields d) maps , 
2. Define the terms: a) Field b)Record c)File nt | (March 2009) 
3. Explain the following data structures with suitable diagram. . | 
a) Linear array, b) Linked list, c) Tree ao ~~. (Mar.2003,11) 


4. What is linked list? Explain it with suitable example. 
What are types of binary tree? Explain it with suitable example. 7 | 
6. What is Binary Tree? With a suitable example, explain the eoninoingy| Describe 
family relationship between the elements of a binary tree. (Mar.05, 11) 


7.. What is a Binary Tree? With a suitable example, show the relationship between 
total number of nodes and depth of a binary tree. a,” (Mar. 06) 


8. “How binary trees are represented.in memory? Explain it. 
9. Write the difference between linear search and binary search.. (Mar. 2017) 
10. Explain any four data structure operations. 


11. Explain data structure array. 
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12. What are “records”? Explain how records are represented in memory using 


arrays? (Mar.2004) 
13. Explain the algorithm for inserting an element from array. (Mar.2009,2016) 
14. What is a record? How it differs from a linear array? (Mar. 02, 05, 07, 08) 
15, What is searching? Explain binary search algorithm. 
16. Explain linear search algorithm with a suitable example. : (Mar.2003) 
17. What do you understand by the term “Searching”? Which are the searching 

algorithms? Explain the linear searching algorithm. (Mar.2004,07) 
18. How Linked list are represented in memory? | (Mar. 2017 ) 


19, What is meant by Linked list? With suitable examples show the representation of 


linked list in memory. ; : (Mar.2003,2004 2019) 
20. What is linked list? Show a linked list with suitable example having six nodes 
with a properly labeled diagram. (Mar. 03, Mar. 07, Mar. 08) 


21. With a suitable example and diagram show a link list with information elements 
and the link fields from start to null pointer, | | (March 2005) 
22. With a suitable example, show labeled diagram for link between two nodes 


having the information part and next pointer field. (March 2006) 


23. Explain the advantages of binary search algorithm with a suitable example. State 
any two disadvantages or limitations of binary search. _ (Mar. 07) 


24. Explain the bubble sort algorithm with suitable example.(Mar.02,05,Mar.08,20) 


25. What is sorting? Explain bubble sorting algorithm. (Mar.2011) 


26.. What is binary tree? Draw the tree structure for the following expression: 

E = (a-b)/[(c* d) +e] “Shue (Mar. 2002) 
27. Draw the tree structure for the following expression: 

[a+ (b—c)] * [((d-—e)/(f+g—-h)] : ' (Specimen Paper) 
25. What is binary tree? Draw the tree structure for the following expression: : 


E = (atby/[(c* d) -] | | (Mar. 2004) 
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26 .With suitable example and labelled diagram show the representation of binary 


tree in memory. (March 2003) 


ple Draw the tree-diagram which corresponds to the a ep ane algebraic expression: 


-E=(2X+ Y)/(5A-B)? oo , (Mar. 06) 
28.What is Binary Tree? Draw the binary tree structure for the following expression: 
[(a+b) *c]/[a* (b—c) +a] | | (Mar. 08) 
29.What is Binary Tree? Draw tree structure for the following expression: 

E=(a- b) / ((c*d) + e) | _ (March 2007) 
30. Show the representation of records in HEMOrY considering suitable example of 
three records and three fields. : eg (Mar.03) 
31. Explain with flowcharts the following control structures. (Mar.2009,2017) 


a) Sequential b) Selection logic c)Iteration logic 
32. With suitable example show representation of Binary tree ina memory. | 
| (Mar.2009) 


33. Explain bubble sort algorithm with suitable example. | (Mar.2017) 
34. Explain Binary Search algorithm with a suitable example. (Mar.2019) 


35. What is maa Tree? Draw the Tree diagram for the expression. 
B = (3R/5T) - (R + Q°) (Mar.2019) 
36. What are the functions of Memory Management? State any two types of 


continuous Real Memory Management System. | (Mar. 2019) 


37. Explain internal and external fragmentation in memory management of operating 


system. -(Mar.2020) 

38. Define linked list. Draw and explain napetted dinar of linked list | 

with 5 nodes. , (Mar.2020) 
Answers Q.(1) | | | 


(a) 31 (b)searching (c)stack (d)n (n-1)/2 (e)Sorting (f) Traversing : 
(g)Binary search (h) Sorting (i) 127 (j) Binary Search (k) Non-homogeneous 
(1) Linked list (m) fields 


OOo 


3 
C++ PROGRAMMING 


INTRODUCTION 


Last year we have seen C++ without its powérful object oriented concepts. In this 
chapter we will now see the concept behind object oriented programming, C++- as 
OOP, and some of the striking features of OOP.When programmer is given a 
complex problem, he follows different programming styles to tackle it. 

Some of them are listed Below: 


3.1 PROGRAMMING APPROACHES 


e Unstructured programming. 
The main program directly operates on global data. Here "main program" stands for a 
sequence of commands or statements, which modify data, which is global throughout 
the whole program. These programming techniques generate tremendous problems 
once the program gets sufficiently large. 

e Procedural programming 
The main program coordinates calls to procedures and hand over appropriate data as 
parameters. A single program, which is divided into small pieces, called procedures. 
Modular programming allows grouping of procedures into modules. 

e Modular programming 
The main program coordinates calls to procedures in separate modules and hand over 
appropriate data as parameters. Each module can have its own data. This allows each 
module to manage an internal state, which is modified by call to procedures of this 
module. 

e Object-oriented programming 
Object-oriented programming solves some of the problems just mentioned. In 
contrast to the other techniques, we now have a web (group) of interacting objects, 
each house-keeping its own state. Objects of the program interact by sending 
messages to each other. It is most advanced approach and offers many advantages 
over other approaches just mentioned above. 


3.2 IDEA BEHIND OBJECT ORIENTED PROGRAMMING 

Object Oriented Programming (OOP) is most modern way of organizing 
programs. Here the emphasis is given on the way programs are designed; in particular 
OOP programs are organized around objects, which contain both data & functions 
that act on that data. 
The idea is that when a programmer is given a new problem, the decomposition 
process that initially takes place is in terms of the objects found in the problem. These 
objects can be classified into different groupings called classes, and these clasts can 
then be analyzed to determine: 
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The properties held by objects of the class, E 
The actions objects of the class are capable of performing, 
The relationships between classes. ; 
One strong example of this is Biology, where the complexity of life around us has 
been studied extensively in terms of classifying life forms into various groups and 
subgroups. Using the object-oriented terms of class and instance, a species can be | 
seen as a class and an individual member of the species as an instance (or object) of — 
the class. " | 
Object-oriented design allows us to think about the actual real-world entities of the 
problem we are attempting to provide a solution for. Here instances refer to objects — 
&class provides a template for number of objects. | 


Benefits Of OOP | 
OOP approach has lot many. advantages over other programming approaches. Here — 
are some of them listed below: | 

1) OOP treats data as a important element in the program development and 
doesn’t allow to be accessible by any user. Thus it protects data from accidental | 
modification from outside world. This is achieved through data hiding. 

2) OOP allows us to decompose a complex problem into number of entities 
called objects and then build data and functions around these entities. Here different. 
objects may communicate with each others through functions. 

Thus object orientation gives us the solution of many problems associated with 
developments. Software complexity can be easily managed. 

3) Using encapsulation, it is easier to view the actual data and associated 
function allowing us to get more details of a model. Encapsulation is collection of 
data and functions together. | : 

4) Inheritance, provides you software reusability, code Saving and extending 
use of existing classes. 

5) Through polymorphism, same thing can be implemented in slightly 
different manner. Providing more flexibility in the design. 


Features of OOP: 


1) Programs are divided into objects, and different objects communicate with 
each other through messages, called methods. 


2) Emphasis is given on data rather than procedure, 
3) Data is hidden and can’t be accessed or altered by external functions. 


4) Functions operating on data of an object are encapsulated (tied together in 
single data structure called class.) | 


5) New data and functions can be easily added whenever necessary. 


6) Follows bottom-up approach in program design. 


C++ Programming 61 
Pg 

C++ as Object Oriented Language 

OO programming techniques are the best ways, to develop large, complex 
software applications and systems. C++ can be used both as an OOPL and simply "as 
a better C". C++ programs are fast and efficient, which helped to make C++, an 
extremely popular programming language. It uses templates, static polymorphism, 
dynamic polymorphism, generic programming, inheritance; data binding and 
encapsulation etc.which covers most of the object-oriented concepts. 
Also C++ supports a programming technique that allows memory management to be 
safe and implicit . In combination with the use of templates, constructors, and 
destructors enables the C++ programmer to use programming and design techniques 
that are more advanced than what is supported in the languages with which C++ is 
most often compared. — 


Applications of Object Oriented Concepts 

There are number of areas in which OOPs concepts can be interpreted and applied. 

Major application lies in the design of GUI (Graphical User Interface).In case of real 
_ time business applications,OOP are mostly used since it is capable of handling 

complex problems and strong features of it. 


It’s important role lies in design, maintenance, and modeling of complex systems. 
Recently it is moved into analysis of the system to be designed. It also provides 
strong automation support in CAD, CAM, CIM systems. Maintains Object-oriented ~ 
databases. Also used in AI and Expert Systems Used for simulation, monitoring and 
modeling of Real time systems. 


3.3 OBJECT-ORIENTED TERMS AND CONCEPTS 

Objects are the physical and conceptual things we find in the universe around us. 
Hardware, software, documents, human beings, and even concepts are all examples of 
objects.e.g.. Script writer,financier,actor,actress,spot-boy,lyricist,choreographer,dress- 
designer would all be objects a film director might consider in directing a movie.. 
Likewise, a software engineer would consider stacks, queues, windows, and check 
boxes as objects. They are called as runtime entities in object oriented system. They 
are also called as class type entities. (since belong to a particular class). They are even 
called as an instance of the class. They are used to access members (data and 
functions) of the class. 

> Classes 
Up till now we have seen built in data types (int. float, ate: ) derived data types (arrays 
functions) those are already known to compiler. Class is said to be user-defined data 
type; which is defined by the user. Users of object-oriented technology usually think 
of classes as containing the information necessary to create instances, i.e., the. 
structure and capabilities of an instance is determined by its pormspoucus class. 
Classes serve as templates for the creation of objects. 


\ 
\ 


From object oriented point of view, class provides entire set of data and relateg 
functions to be made user-defined. Thus programmer can build number of Classes 
according to requirements. 
Thus we can say, a class is a pattern, template, or blueprint for a category of 
structurally identical items. The items created using the class are called instances 
Whenever class is used to create objects, process is known as instantiation. 
Instantiation has two common meanings: 

e asa verb, instantiation is the process of creating an instance of a class, and 

¢ aS av7oun, an instantiation is an instance of a class. 
(Some people restrict the use of the term "object" to instances of classes.) 


> Operations /methods (functions) 
A message is a request to an object to invoke (call) one of its methods. A message 
therefore contains | 

e the name of the method and 

e the arguments of the method. | 
A method(functien) is associated with a class. An object invokes a method as a 
reaction to receipt of a message. Also many objects communicate with each other via 
methods. 


> Data binding and Encapsulation:-- 3 
It is one of the strongest features of oops supported by C++. The wrapping up of data 
and its associated functions together under a single unit is called as encapsulation. 
While providing access to an object only through its messages, while keeping the 
details private is called Information hiding. Information hiding is ‘the process of 
hiding all the details of an object that do not contribute to its essential characteristics. 
Typically the structure of an object is hidden as well as the implementation of the 
methods. The advantage of using this is, the data is hidden from outside world and 
hence from accidental modification. : . | 


> Inheritance | 
Inheritance can’ be defined as the process whereby one object acquires | 
characteristics from one or more other objects. Some object-oriented systems permit 
only single inheritance, a situation in which a specialization may only acquire 
characteristics from a single generalization. Many object-oriented systems, howevel 
allow for multiple inheritance, a situation in which a specialization may acquire 
characteristics from two or more corresponding generalizations. 
Thus main purpose behind using inheritance is reusability of the existing code. 


> Polymorphism 


° Literal meaning - many forms (ability to take more than one form) 
e OOP meaning 


e Same method (message) but different behavior (function code) 
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e Object determines which method gets executed 
Polymorphism means existing in many forms, that is same entity like function, 
operator is implemented in different ways. In C++ polymorphism is implemented 
using virtual functions, function overloading, and operator overloading. 


Now let’s see all these concepts in detail. 


3.4 CLASSES 
As we are aware, classes are data structures clubbing together data and associated 
functions together. Let’s see how, 


Class declaration: 
class class_name 
access-specifier: 
data and functions 
access-specifier: 


data and functions 


mecessspecyy er: 


data and functions 


} object-list; 


C++ allows the declaration and definition of classes. Instances of classes are 
called objects. In above declaration, class is a keyword. Access specifier may be 
public, private and protected, which decides scope and visibility of data members 
and member functions declared in the class definition. Thus class 1s said to be user, -— 
defined data type. So implementation of the same class varies from user to user. 
Following example illustrates the class definition including its members: 


Example1; Class definition including its members: 
#include<iostream.h> 

class ABC 

{ 


private: int data; 
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public: void getdata( ) ' 


| 
cout<<"Enter number:": 
cin>>data; | 
cout<<"The number entered is:''<<data; 

}; 
void main( ) | : 
| 
ABC obj; | 
obj.getdata( ); 
} 

Output: 


Enter number: 10 | 
The number entered is: 10 | 


Program Explanation: Here we have written class definition having class name 
ABC.In this class we have declared one variable as data which is called as data 
member of the class, while function getdata is accessing this data member, it is called. 
as member function. | | 
Class definition ends by giving semicolon after closing curly brace. Then we write 

main function (called nonmember function), in which you instantiate a class by 

creating a object. Thus a class is loaded in memory, in turn giving memory to its | 
respected members (including data members and member functions). This process is | 


known as instantiation or object creation. Then you give call to member function via 
object. | | 


Scope rules for different members of the class: 


A class in C++ has a group of data and associated functions called data members and 


member functions, which are given, one of the access modifiers, namely public, 
_ private and protected. | 


1) public access modifier: 


All data members and member functions declared using public access | 


modifier (i.e. those are defined in the public section of the class) are accessible by any 
function in a program. | : 


2) private access modifier: 


. If you don’t specify, any access modifier to the data members or membe! | 
functions of the class, they are by defauit private. These are hidden from outside 


world and they are normally used to implement data hiding concept of object orienté 
programming. 
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But only member functions and friends of the class can use them, in which are 
declared. 


3) protected access modifier:-- 

These can only be used by member functions and friend of a class as well as derived 
class member functions. They are similar to private members since they can’t be 
accessed directly by non-member functions, but can be used by derived ones. 
Therefore this access modifier is more restrictive than public but less restrictive than 
private. Following program illustrates the use of access modifiers. 


Example 2: A Program using access modifiers to display object details. 
#include<iostream.h> 
class ABC 


{ 


private:int number; 

protected:int data; 

public: void getdata( ) 
i 


cout<<''Enter first number:"; 


cin>>number; 
cout<<"Enter second number:"; 
cin>>data; 
} 
void putdata( ) 
{ 
cout<<"'The first number entered is''<<number; 
cout<<''The second number entered is''<<data; 
} 
}; 
_ Void main() 
ABC obj; | 
//obj.number=10; —_‘//can't access private members. 
obj.getdata( ); 
obj.putdata( ); 
Output: 


Enter first number:10 | 

Enter second number:20 

The first number entered is10 
The second number entered is 20 


Se, 
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Program. Explanation: In above program, data is protected member, while numbe; 
is a private data member. Both of these can’t be accessed from within non-member; 
function i.e. main function. But getdata( ) and putdata( ) can access them since they 


are member functions of the class. Thus from main function you can access these 


private and protected members, not directly, but through public member functions, 
here getdata( ) and putdata( ). a We 


A class itself may be defined at any one of three possible scopes: 

1. At the global scope. This leads to a global class, whereby it can be referred to 
by all other scopes. The great majority of C++ classes (including all the 
examples presented so far in this chapter) are defined at the global scope. 

2. At the class scope of another class. This leads to a nested class, where another _ 
class contains a class.. a | 

3. At the local scope of a block or function. This leads to a local class, where the © 
class is completely contained by a block or function. | 


3.5 OBJECT IN C++ 


Objects are autonomous entities of the class; they are instances of the class and | 
belong to a class. Traditionally, code and data have been kept apart but in 0-0 (object- _ 
oriented) programming, code and data are merged into a single indivisible thing ‘ an | 
object’. Thus methods are normally invoked using objects. | 


Example 3: Following program illustrates invoking class members (data and 
function) via instance (objects) - 


#include <iostream.h> 


—_— 


aye} 
class ABC | 
{ | 
public: inti; | 
void display( ) | 
{ | ; 
cout<<”Invoking member function through object”; | 
} | 
}5 3 
void main( ) 
{ 7 
ABC obj; /finstance of a class. 
obj.i=5; /faccessing data member via instance 
cout<<ebj.i; 
obj.dispiay(); — //accessing member function via instance 
} 


Outputis:5 Invoking member function through object 
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> Pointers to Object Members 

We have seen use of pointers, to point to a variable. Pointers can also be used to point 

object (members of a class also). 


Example 4: Accessing members of a class using pointers (pointers to object 
members of a class): 

:#include <iostream. h> 

class ABC 


public: 
int data; 
void getdata( ) 
{ cout<<"Enter data:"; 
cin>>data; 
cout<<''The number entered is:"<<data; 


}5 

void main( ) 

{ 
ABC obj; 
int *p; 
obj.data=4; 
p = &obj.data; /! pointer to object of a class 
cout << *p; 
ABC *q; 
gq = &obj.data ; 
q->getdata(); 

} 


Output is: 4 
Enter the number : 10 
The number entered is : 10. 


Program Explanation: In above program, we have 2 pointers, one is integer pointer 
and other is class type pointer. Both are used to point to object members. 

Thus both data members and member functions can be accessed via pointers also, just 
by giving them, reference of class to which they belong to. —_ 

For invoking member function through pointer, we use pointer to member function 
operator (->) 

Thus you can assign the address of a public member of an object to a pointer. 

Then access that member by using the pointer. 

When accessing members of a class given a pointer to an abject use the arrow (->) 
operator. 


Passing References to Objects 


Variables can be passed to the function either by value or by reference. Similarly we 
can pass a reference to object to a function. When an object is passed as an argument | 
to a function, a copy of that object is made, i.e. function creates its own copy and | 
works on its own copy therefore, any changes made in function don’t affect the 
original object while when you pass an object by reference, no copy of the object is 
made, its memory address is passed to a function so that called function directly 
works on the original object which is passed to the function during function cal] 
Therefore any changes made in the function are reflected in the original object. 


Example 5: A program illustrating how to pass reference to object as a function 
argument. | | 


#include <iostream.h> 


class ABC 
{ 
public: int data; 
void getdata( ) 
{ 
cout<<"'Enter number:"; 
cin>>data; 
cout<<''You entered:"'<<data; 
void putdata(ABC &obj) // passing reference to object | 
{ 
obj.data = -obj.data; | 
cout<<"Now number is changed to:''<<obj.data; 
} , 
}; 
void main( ) 
{ 
ABC objl1; 
objl.getdata( ); 


obj1.putdata(obj1); 


Output is: Enter number: 10 
You entered: 10 
Now number is changed to: -10 


Program Explanation: Here in the putdata( )function we have passed reference es 
object to modify the data member from within the member function via it’s object 
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> An Array of Objects 
Last year we have already discussed th 
oan neh € concept of 
restricted this idea only to built in data types. But it can be Seiad but _— ao 
user-defined data types. used with the 
Thus C++ supports arrays of any data t ; 
. ype., including class type. 
call array having class type elements as array of objects. g class type. So we can 
Syntax : classname obj[dimension]; 
2.8. ABC obj[3]; 
Here is declared array of 3 objects of class ABC 


Example 6: Program using array of objects 
#include<iostream.h> , 

class ABC1 

{ 


private:int number; 
public: void getdata( ) 
{ 


cout<<'"\nEnter number:"; 


cin>>number; 
cout<<number; 
} 
void putdata( ) 
{ 
cout<<''The number entered is"<<number; 
} : 
} 
void main( ) 
ABC1 obj1[3]; 
ABC1 obj; . 
for(int i=0;i<3;i++) 
obj1[i].getdata( ); 
obj1[i].putdata( 3 
} 
} 
Output is: 


Enter number: 10 
The number entered is10 
Enter number: 20 
The number entered is20 
Enter number: 30 
The number entered is30 


me 
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3.6 METHODS/FUNCTIONS 


They are used to Manipulate the data. There are two ways to define methods: 


1.Methods can be defined in class definitions. 

e.g. int getdata( ){ return number]; } 
C++ compilers treat these as inline functions: they try to expand the bodies of the 
functions where they are called. 


2.Methods can be defined outside the class definitions. 
It is also possible to merely declare a method in a class definition, 
int get_data( ); . 
and give the full definition later, outside the class: using scope resolution operator. 
int ABC:: getdata(){ return number]; } 
1.e. getdata is a function from class ABC. Because this is outside the class, we must 
qualify the function name with the class (ABC::), 


Example 7: Following program illustrates the same. 
#include <iostream.h> 


class ABC 
{ 
public: 
int data; 
void getdata( ) 3 
{ cout<<"Enter number:"; 
cin>>data; 
} 
void putdata( ); 
}s 
void ABC::putdata( ) 
{ 
cout<<"Entered number is:""<<data; 
} 
void main( ) 
{ 
ABC obj; 
obj.getdata( ); 
obj.putdata( ); 
} 


Output is: Enter number: 10 
Entered number is: 10 
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Program Explanation: Here putdata( ) member function is declared outside the class 
definition, so we specify scope resolution operator and classname to which this 
function belongs to. 


3.7 CLASSES VERSES STRUCTURES 

A structure is a:class whose members are by default public. (Remember that all of the 
members of a class are by default private.) Structures are defined using the same 
syntax as Classes, except that the keyword struct is used instead of class. For example, 
struct Rectangle 


{ 
: Rectangle(int, int); 
void draw(int, int); 
int x, y; 
}; is equivalent to: -- 


class Rectangle 


{ 

public: 
Rectangle( (int, int); 
void draw(int, int); 
int x, y3; 

}5 


The struct construct originated in C, where it could only contain data 
members. It has been retained mainly for backward compatibility reasons. In C, a 
structure can have an initialiser with syntax similar to that of an array. C++ allows 
such initializers for structures and classes all of whose data members are public: 


EXERCISE 
a) Define class complex with appropriate data and function members. 
b) Write a program in C++ to display a given complex number. 
c) ‘ Write a program in C++ to accept and display three complex numbers. 


3.8 NESTED CLASSES 

We have already seen nesting of loops,i.e. defining loop within a loop. Similarly you 
can define a class inside other class definition. So this is called nesting of the class. 
The name of such a nested class is local to the nesting class. 


Example 8: Following example illustrates the use of nested class. 
#include <iostream.h> 
class A 
{ 
private:int adata; 
public: void getadata( ) 
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cout<<"'Enter the number:"'; 

cin>>adata; | 

cout<<"hi you are in outer class and you 
entered:''<<adata; 


} 


class B 


{ 
private:int bdata; 
public: void getbdata( ) 
{ 


cout<<"'Enter the number:"; 
cin>>bdata; 


cout<<"hi you are in inner class and you 
entered: ''<<bdata; , 


//getadata( ); 


}; | 
Bbobj; /lvalid. 
void display( ) | 
{ 


bobj.getbdata( ); 
Hs 
void main( ) 
{ 
A aobj; 
//B bobj;  /fimvalid. 
aobj.getadata( ); 
aobj.display( ); 
} 


Output is: Enter the number:10 


hi you are in outer class and you eneterd:10 
Enter the number:20 


hi you are in inner class and you eneterd:20 


Program Explanation: Here class A is outer class d 
which you define nested class B.From within Class B,it is not possible to invoke an 
outer class member function. Also inner class is instantiated in the body of oule! 
class. You can very well invoke inner class member function through its instances 
from within member function of an outer class. Here we have invoked getbdata 

function through its instance from within member function display( ) of outer class A. 


efined, in the public section of 
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3,9 CONSTRUCTORS 3 

A constructor is an operation that has the ability to change the state of an object. 

The initialization of object takes place using special function called constructor. It is 

called when you instantiate an object. The constructor is a function whose name is the 

same as the class, with no return type (not even void). 

Constructors are methods that are used to initialize an object at its definition time. 

Constructors have the same name of the class (thus they are identified to be 

constructors). As other methods, they can take arguments. So they can be overloaded. 

Constructors are implicitly called when we define objects of their classes. There are 

two types of constructors. es 


Syntax: . 
1)default constructor: If you do not define any constructor in your class then system 
provides it. It has no body but you can define it as well. It is also known as no 


argument constructor. 
‘classname( ) 
//body of default constructor. 


2)parameterized constructor: this type of constructor can take arguments so it is called 
parameterized constructor. | \ 
classname(parameter list) 


IIbody of parameterized constructor. 


Example 9: Program using different types of constructor. 
#include <iostream.h> 
class ABC 
{ ‘ 
int data; 
public: ABC() // default constructor 
{ 


cout<<"This is default constructor."; 


} | 
ABC(int a) // single argument constructor : 
{ cot ioe 
. cout<<"'This is parameterised constructor."; 
data=a; +. 
_cout<<"'value of data is:''<<data; 
} 
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void main( ) 


ABC obj; //default constructor is invoked. 
ABC objl(5); : 
} 
Output is : This is default constructor. 
This is parameterized constructor. 
value of data is : 5 


Program Explanation: Here we have defined class ABC, so constructor’s name is 
also same as classname. We have defined 2 constructors, The first one is default 
constructor, taking no parameter and is invoked when class object is created(i.e. by 
statement ABC obj; Here we have provided body for the default constructor. 
Now in the second line class object is created with parameter 5,sO parameterized 
constructor is called in the body of which we initialize the data member defined in the 
class. 

Thus with the help of constructors. we have fulfilled one of our requirements of 
implementation of abstract data types: Initialization at definition time. — 


e Overloading Constructors 


Like any other function, a constructor can also be overloaded with several functions 
that have the same name but different type or number of parameters. Remember that 
the compiler will execute the one that matches at the moment at which a function 
with that name is called. 

In fact, in the cases where we declare a class and we do not specify any constructor 
the compiler automatically -assumes two overloaded constructors ("default 
constructor" and "copy constructor"). For example, for the class: 


class ABC 
{ , 
public: 
int a,b,c; | 
void multiply (int n, int m) { a=n; b=m; c=a*b; } 
| 


with no constructors, the compiler aut 
constructor member functions: 
e Empty constructor : 
It is a constructor with no parameters defined as nop (empty block of 
instructions). It does nothing. 
ABC::ABC Q { }s 


omatically assumes that it has the following 


e Copy constructor 


It is a constructor with only one parameter of its same type that assigns to every 
nonstatic class member variable of the object a copy of the passed object. » 
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ABC::ABC(const ABC& objl1) 
{ 
_ a=objl.a; 
b=objl.b; 
c=objl.c; 
} 


Note: It is important to indicate that both default constructors: the empty constructor 
and the copy constructor exist only if no other constructor is explicitly declared. In 
case that any constructor with any number of parameters is declared none of these 
two default constructors will exist 


Example 10: Program using copy constructor. 
#include <iostream.h> 
class ABC 
{ 
private: int data; 
public: ABC( ){. } 
ABC (int value){ data=value; } 
ABC(ABC &obj) 
{ 
data=obj. data; 
cout<<"'copy constructor invoked: “ 
} 
}5 
void main( ) 
f 
ABC obj1(50); 
ABC obj2; 
ABC obj3(objl); | /Ainvokes copy constructor. 
eee /Ainyokes copy constructor. 


When initializing an instance with another instance (as might happen when declaring 
an instance and immediately initializing it with the values from another instance) and 
when passing an instance as a value parameter to a function, the property values of 
One instance are copied to another instance. Such copying requires a copy constructor. 
C++ automatically provides one that works as long as the class declaration does not 
include pointer, class, struct, or array-based data members. In these situations it may 
be necessary for programmers to declare their own copy constructors 


Example 11: Following example illustrates how to overload class constructors 
#include <iostream.h> - 

class ABC 

{ 
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int width, height; 
public: ABC(); 
ABC (int,int); 
int area () 


{ 
return (width*height); 
} 
hs 
ABC::ABC() //default constructor. 
{ 
width = 5; 
height = 5; 
} 
ABC::ABC(int a, int b) //parameterized constructor. 
{ 
width = a; 
height = b; . | : 
} | | | 


void main () 


ABC obji1 (3,4); 
ABC obj2; Sars 
cout << "objl's area: "<< objl.area( ) << endl; 
cout << "obj2 'sarea: "' << obj2.area( ) << endl; 
} | 
Output is: obj1’s area: 12 
obj2’s area: 25 


Program Explanation: Here first constructor. is default constructor taking no 
arguments and when the class is instantiated,(here obj2)the call to this is made 
,nitialing height and width to be equal to 5.While when obj1 is created since it is 
called with 2 arguments ,a parameterized constructor is called. 


Constructor and operator new: 
The arguments of a constructor can be given as parameters when allocating 
new objects: - 

Date* dl = new Date( 2000, 2, 23 ); 

Date* d2 = new Date; // default constructor is called. 


Exercise: Write a program in C++ to overload constructors. Program should 
contain two constructors; one without parameter and second with parameters 
(assume complex class). 
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3.10 DESTRUCTORS 


A mechanism, which automatically “destroys” an object when it gets invalid (for 
example, because of leaving its scope).. Destructors are used to release any resources 
allocated by the object's constructor. The usual "resource" being ‘acquired in a 
constructor (and subsequently released in a destructor) is dynamically allocated 
memory. You don't call them explicitly (they are called automatically for you), and 
there's only one destructor for each object. The name of the destructor is the name of 
the class, preceded by a tilde (~). 

Destructors take no arguments. It is even invalid to define one, because 
destructors are implicitly called at destruction time: You have no chance to specify 
actual arguments.So overloading of destructor is not possible. 

Destruction of objects takes place when the object leaves its scope of 
definition or is explicitly destroyed.. Destructors are declared similar to constructors. 
Thus, they also use the name prefixed by a tilde (~) of the defining class: 


Example 12: Following example illustrates use of constructors and destructor 
#include <iostream.h> 


class ABC 
{ 
int *width, *height; 
public: ABC(int,int); .  _//constructor. 
~ABC() $ _ [fdestructor. 
int area () a : 
{ F 
return (*width * *height); 
\ 
Bot 
ABC::ABC (int a, int b) 
width = new int; 
height = new int; 
*width = a; 
- *height = b; 
} 
ABC::~ABC () 
{ 
delete width; 
delete height; 


Void main ( ) 


ABC objl1 (3,4), obj2 (5,6); 
cout << "Area of rectangle is: " << objl.area() << endl; 
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cout << "Area of rectangle is:" << obj2.area() << endl; | 


} 


Output is: Area of rectangle is: 12 
Area of rectangle is: 30 
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3.11 STATIC MEMBERS 


Static members of a class are not specific to an instance of this class. It is commop | 
and accessible by all the instances of this class. The class constructor does not | | 
initialize static variables. Thus a static function can be considered as a specific global | 
function, which can access the static private/protected variables of the class. 
Declaring a member variable within a class as 'static' means that it is shared among al] 
of the class's member functions (and friends), and it has "program" (not auto) 
lifetime. Its value is not associated with any object of that class type, but rather it | 
. exists apart from any such objects. Therefore to invoke it, requires no object creation, 
Its name has class scope (and thus is subject to access restrictions based on whether it 
is declared as ‘public’, protected’, or 'private'). It has "external" linkage, meaning that | 
its name is visible outside the file in which it is defined. | | 
Access rules for static and non-static functions of a class: 


Non static || Non static Static Static 
member member member member 
variable function variable || function 


Non static 
member function 


Static member 
function 


Static variables are automatically declared to 0,so the explicit initialization in the 
definition is unnecessary unless you want it to have a non-zero initial value. 


Example 13: Program to illustrate properties of static SASEmErS. 
#include <iostream.h> 


class ABC 

{ 
private: static int data; 
public: static void getdata( ) 


{ 
++data; 
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cout<<"count is:""<<data; 


} 
void putdata( ) 

++data; 

cout<<"Now count is:"<<data; 
: 


}; 
int ABC::data=5; 
void main( ) 


ABC obj; 
ABC::getdata( ); 
obj.putdata( ); 

} 


Output: count is: 6 Now count is: 7 

Program Explanation: In above program we have used 2 static members, one is 
static data member, note that we can initialize this data member to give it nonzero 
value without requiring constructor(explained after this topic),or even need not be 
called with the help of object. second static member is a member function getdata( 
),which also need not be called via class object since declared to be static. But if we 
call putdata( ) member function in the similar way,i.e. without instantiation, since 
being nonstatic compiler will give érror message as illegal call of non-static member 
function. Thus for invoking nonstatic members of the class you need to instantiate the 
class. , 

Exercise: Write a program in C++ to count number of objects declared ina 
program using static function (assume complex class). | 


3.12 INHERITANCE. 

One of the most useful features of classes is inheritance. You might want to review 
the concept. It is possible to declare a class that inherits the properties of another 
class or classes. This means that, with good class design, you can build applications, 
which are based on proven re-usable code. j.e. main purpose behind inheritance 1s 


code-reusability. 

What you need to do is to creat 
terminology) of the original clas 
and therefore, all the behavior 0 


ea subclass/ a child class (or derived class, in C++ 
s. This new class inherits all the existing messages, 
f the original class. The original class is called the 
parent class, or superclass, of the new.class. A subclass is said to bea specialization 
of its superclass, and the conversely a superclass a generalization of its subclasses. 

C++ distinguishes two types of inheritance: public and private: As a default, classes 
are privately derived from each other. Consequently, we must explicitly tell the 


so 
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compiler to use public inheritance. The type of inheritance influences the aCceg, 
rights to elements of the various super classes 


Summary of Inheritance Access Control 


pti __ private — || Protectea 


public || Public _||__private _||_protected 
Not accessiblel|Not accessible 


protected|| -protected | private | protected 


Tne leftmost column lists possible access rights for elements of classes. It also 
includes a third type protected. This type is used for elements which should be 
directly usable in subclasses but which should not be accessible from the outside, 
Thus, one could say elements of this type are between private and public elements in 

* that they can be used within the class hierarchy rooted by the corresponding class. 

-In general, it is good practice to,.make data members private. Member functions that 
must be called from outsidéthe class should be public, and member functions that are 
only called’ from within the class should probably be private.]Thus in addition to 
speeding development time, proper class construction and reuse results in far fewer 
lines of code, which translates to less bugs and lower maintenance costs. 

~N 


Access Control, (Base Class) 


= 


3.13 DIFFERENT FORMS OF INHERITANCE 
C++ supports single and multiple inheritance. Multiple inheritance in C++ is the 
ability to have two or more base (or parent) classes. The benefits for the user would 


be to create objects, which would have the characteristics of both its parent or base 
classes. Thus, sy 


‘\ 
iN 
\ 


\ 
\ 


e Single Inheritance 


\ 
> Derived class has only one direct base class 
> Creates “simple” hierarchy of classes - trees ? 
> One to one inheritance of members 
> Specializes a single base class 


| .© Multiple Inheritance 


Derived class has more than one direct base class 
Creates “complex” hierarchy of classes - graphs 
Possible multiple inheritance of members 
Combines multiple classes 

e.g. class D : public A, public B { ...}; 
Same Inheritance and Access Rules 


Vv VVVWV 


(C++ Programming 


Multiple Forms of Inheritance 
1.Single inheritance 2. Multiple Inheritance 


3,Hierarchical Inheritance: 4.Multilevel Inheritance 


Derived 


Base 


Derived 1. . 


5.Hybrid Inheritance 


Derived n 


are 


a, 


Syntax for the declaration of derived class 
class derived_class_name : access_specifier base_class_name 


‘Ii body of class 


Class A 
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{ 

/Ibody of class A 
}; 
class B : public A 
{ 

//body of class B 
}; 


Here class B is derived from base class A .Here public access specifier defines ,how 


Class is derived from base class .Now let’s see different ways of accessing base clas, 
members 


Example 14: Base Class Access Control, Public(publicly derived class) 
#include <iostream.h> | 


class base 
{ 
int i, j; 
public: 
Void set(int a, int b) {i=a; j=b;} . 
Void show( ) {cout <<ij<c"" << j << "\n"s} 
} 
class derived : public base 
int k; 
public: 
derived(int x) //derived class constructor. 
k=x; 
void showk( ) { cout <<k << '"\n"; } 
}5 | 
void main( ) 
derived ob(3); 
ob.set(1, 2); // access member of base 
ob.show();  // access member of base 
ob.showk(); // uses member of derived class 
} 
Output is: 
1 2 


3 


e When the access specifier for a base Class 


is public, all 
base become public members of the deriv 


public members of the 
ed class; and 
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e All protected members of the base become protected members of the derived 
class. 


e The base class’ private elements remain private to the base and are not 
accessible by members of the derived class. 


// This program won't compile. _ 
Base Class Access Control, private(privately derived) 


#include <iostream.h> 


class base 
{ 
int i, j; 
public: 
void set(int a, int b) { i=a; j=b;—} 
void show(){ cout <<i<e""<cj<<"\n"; } 


i 
// Public elements of base are private in derived. 
class derived : private base 


{ 

int k; . 

public: derived(int x){ k=x; } 

void showk(){ cout <<k << "\n"; ae 

}; 
void main( ) 
{ 

derived obj(3); | 

obj.set(1, 2); // error, can't access set() 

obj.show( ); // error, can't access show( ) 


« When the base class is inherited by using the private access-specifier, all 
public and protected members of the base class become private members of 


the derived class. 
¢ This means that they are still accessible by members of the derived class but 


cannot be accessed by parts of your program that are not members of either 
the base or derived class. » 


oa Inheriting Protected Members, public 


#include <iostream.h> 
Class base 


{ 


protected: _ inti, j; // private to base, but accessible by derived 
public: ' yoid set(int a, int b) { i=a; j=b; } 
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void show( ) { cout <<i<<"""<<j << '"\n"; 


}; 
class derived : public base 


int k; 
public: // derived may access base's i and j 
void setk() { k=i*j; } 
void showk( ) { cout << k << "\n"; } 
}5 
void main( ) 
{ 
derived obj; 
obj.set(2, 3); // OK, known to derived 
obj.show(); // OK, know to derived 
obj.setk( ); 
obj.showk( ); 
! 
Output is: 
2 3 
6 


¢ When aclass member is declared as protected, that member is not accessible 
by other, non-member elements of the program just like private members. 

¢ If the base class is inherited as public, then the base class' protected members 
become protected members of the derived class and are, therefore, accessible 
by the derived class. . 


Q Inheriting Protected Members, protected :-- 
include <iostream.h> 


class base 

{ 
protected: inti,j; _ // private to base, but accessible by derived 
public: void setij(int a, int b) { i=a; j=b; } 

: void showij() {cout <<i<<""<<j<c "\n''s } 


// Inherit base as protected. 
class derived : protected base 


{ 
int k; 
public: // derived may access base's i and j and setij( ). 
void setk( ) 
{ 
setij(10, 12); 


k = i*); 
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} 


void showall() _ 


cout <<k<<"'"; 
showij(); 


}; 
void main( ) 
_ derived obj; 
| obj.setij(2, 3); // illegal, setij( ) is protected member of derived 
obj.setk( ); // OK, public member of derived 
obj.showall(); = // OK, public member of derived 
obj.showij(); // illegal, showij( ) is protected member of derived 


e When the base class is inherited as protected, all public and protected 
members of the base class become protected members of the derived class. 


3.14 CONSTRUCTORS AND DESTRUCTOR'S IN DERIVED 
CLASSES | 


A derived class may have constructors and a destru tor. Since a derived class may 
provide data members on top of those of its base class, the role of the constructor and 
destructor is to, respectively, initialize and destroy these additional members. 
When an object of a derived class is created, the base class constructor is applied to it 
first, followed by the derived class constructor. When the object is destroyed, the 
destructor of the derived class is applied first, followed by the base class destructor. 
In other words, constructors are applied in order of derivation and destructors are 
applied in the reverse order. For example, consider a class C derived from B, which is 
in turn derived from A. 

class A LP FJ 

class B : public A { /*... */ } 

class C : public B { /* ... */ } 

Derived class object construction and destruction order. 


c being constructed c being destroyed 
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The constructor of a derived class whose base class ee ea re faite 4 clad 
should specify these in the definition of its constructor. 0 < ne initielizaticg 
constructor explicitly invokes the base class constructor in 
- in this way: 
e.g., the XYZ constructor passes its argument to the ABC Consitactor in th ABCUns) 
XYZ::XYZ(const int max) =: , 
ee ires i object from the base 
In general, all that a derived class constructor requires is an obj 
class. 
Note: The order in which the base class constructors are invoked is the same as te 
order in which. they are specified in the derived class header (not the order in which 
they appear in the derived class constructor’s member initialization list) and the 
destructors are applied in the reverse order. 
Q Order of execution of constructors and destructors in inheritance 
#include <iostream.h> 


class base 
{ \ 
public: base( ) { cout << "Constructing base\n"; } 
~base() { cout << "Destructing base\n"’; } 
}; 


class derived1 : public base 


public: derived1() { . cout << "Constructing derived1\n"; } 
~derivedl(){ cout<< "Destructing derived1\n"; —} 


} 


class derived? : public derived1 


public: derived2() { cout << “Constructing derived2\n"; } 


~derived2() { cout << “Destructing derived2\n"; } 
Void main( ) | 

derived2 obj; // construct and destruct obj 

Output: 


Constructing base 
| Constructing derived] 
Constructing derived2 
Destructing derived? 
Destructing derived] 
Destructing-base 
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e When a derived object is destroyed, its destructor is called first, followed by 
the base class' destructor, if it exists. 
e Put differently, constructor functions are executed in their order of derivation. 
e Destructor functions are executed in reverse order of derivation. 
e Incase of multiple inheritance, the general rule applies: 
Constructors are called in order of derivation, destructors in reverse order. 


3.15 MULTIPLE INHERITANCE IN C++ 
You can easily derive from more than one class by specifying the superclasses in a 
comma-separated list: 

. public - visible to the world and therefore usable by any other object 
. private - visible solely within one object i.e. local to an object 

- protected - visible to an object, its friends and any derived classes 
In general, a derived class may have any number of base classes, all of which 
must be distinct: 

a Inheriting Multiple Base Classes: -- 

#include <iostream.h> 


class basel 
{ | 

protected: int x; 

public: void showx( ) { cout << x << "\n"5 } 
}5 | 
class base2 
{ 3 

protected: inty; 3 | 

pubhe: 7 void showy() { cout <<y<<"\n"; — } 
}; 


// Inherit multiple base classes. 
class derived : public basel, public base2 


{ 
}; 


void main( ) 


public: void set(int i, int j) { x=i; y=j; } 


derived obj; 
obj.set(10, 20); // provided by derived 
obj.showx(); //from base 1 
obj.showy(); _// from base 2 
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e To inherit more than one base class, use a common-separated list. | 
e Be sure to use an access specifier for each base inherited. 
Ambiguity in multiple inheritance | | . 
Ambiguity in multiple inheritance may also arise when 2 base classes have functions 
with the same name, while a class derived from both, has no function with this name, 
So how objects of the derived class can access the correct base class function? Since 
the function name, alone is not sufficient, since compiler can’t figure out which of the 
2 functions are to be executed.... This problem is resolved using scope resolution 
operator to specify the class in which function to be invoked lies. 


include <iostream.h> 


class basel 
{ _ 
public: . voidshow(){ cout << “class basel”’; 7 } 
) ve \ 
Class base2 . 
public: void show( ) { cout <<”class base2”  —s }} 
class derived : public basel, public base2 
{ 
}; 


void main( ) 


derived obj; ; 
obj.show( ); //fambiguous to the compile 
obj.base2::show( ); //function from base2 class. 


_ Parameters to the constructor functj 
#include<iostream.h> 
class Base 


protected: int J3 

public: i 
Base(int y) | 
{ 


j=y; 
cout << "Base class constructor called.\n"'; 
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} 
~Base() 
{ 


cout << "Base class destructor called.\n"; 


} 
}; em: ; 
class Derived : public Base 


{ 
int k; 
public: 
_ // Derived uses x; y is passed along to Base 
Derived(int x, int y): Base(y) 
{ ~ 
k= x; 
cout << "Derived class constructor called.\n"; 


} 
~Derived( ) 
{ 

cout << "Derived class destructor called.\n"; 
} 


void main( ) 


Derived obj1(5,6); 
, | 3 


The output from this program is the same as in the previous example: 
Base class constructor called. 
Derived class constructor called. 
Derived class destructor called. 
Base class destructor called. — 


Program Explanation: In this program, however, some values were assigned. After 
both constructors are called, x has the value of 5 and y has the value of 6. 
You should notice that in the class declaration, the base class, Base, requires the 
parameter int y. Since two parameters are used in Derived (), you ensure that the base 
Class is passed the necessary parameters by using the declaration (assuming that 
parameter? is the base class argument): 

derived_class(type parameter1, type parameter2, .. .): 


base_class(parameter2) 


// body of derived constructor 


} 
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Granting Access 

There are two ways to change the access level 0 : 
class. The first method is a recent development in the world of C++, and it has 
become the new standard. This new standard is the using declaration. The second way 


to change an access level is to use access declarations.. 
The following base and derived class declarations show how access declarations 


f inherited members of a derived 


work: 
class Base 


{ 
Le 


class Derived : private Base 


public: int a; 


public: Base :: a; 
}5 
Even though, by default, a is inherited by Derived as private, the access 


declaration . 
Base ::a; changes a’s level of access to public. 


3.16 USE OF VIRTUAL IN C++ (Dynamic polymorphism) 


Virtual Base Classes | 
Think about the following situation: a class named Base is declared. Then, two 


classes are derived from that original: Derived1 and Derived2. Next, yet another new 
class is declared -- a derivative of both Derived1 and Derived2 -- Derived3. Looking 
at this situation, if a variable from the original class, Base, is called in association 
with Derived3, what will happen? 

There are essentially two copies of Base in Derived3: the one inherited from 
Derived1, and the one inherited from Derived2. If Derived3 tries to reference a 
variable in Base, an error will occur. To prevent an extra copy of Base from being 
created during the declaration of Derived3, we use virtual base clusses. 

The following class declarations clarify the situation described above. Notice the use 
of the keyword virtual in the declaration of the derived classes: 


class Base 


class Derived; virtual public Base 


{ 
}; 


public: int b; 
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class Derived2: virtual public Base 
public: int c; 

} 

class Derived3: public Derived1, public Derived2 
public: intd; 


}; 

There is only one difference between a virtual class and a "normal" class. If ~ 
a virtual base class is inherited more than once by the same class, only one copy of it 
will be present. If a "normal" class is inherited more than once by the same class, 
multiple copies of it will be present in the derived class. Thus virtual base class - 
prevents inheriting multiple copies of same base class members 


3.17 INHERITANCE CONFLICTS 
e Member Conflicts 
a Name conflicts can occur - same member name from more than’one 
base class 
Q Derived class can overshadow base class members name 
a Use scope resolution operator to resolve conflicts 
e Multiple Inheritance Conflicts | 
a Derived class may combine more than one copy of a member 
a Base class may combine more than one copy of a member 
When to use virtual members . 
Make a member ‘virtual’ if a derived class extends the functionality of a member of 
the base class, and this extended functionality has to be accessible. Make a member 
‘virtual’ ---1.inside other member functions of the base class an object of the derived 
class. 
2.When using pointers that can point to an object of the derived class. 
Virtual function supports runtime polymorphism since ambiguity is resolved at the 
run time ,so it is also called as RTTI(Run Time Type Identification) 


Polymorphism: 

Before going for polymorphism, 
polymorphism.The types are as given in 
by one in later part of chapter. 


user should know types of 
diagram. We are going in details of that one 


Polymorphism 


Compile time Polymorphism Run time Polymorphism 


e s 4 | e 
Function overloading Operator overloading Virtual functions 
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e Virtual functions: 


Keyword virtual only appears in the base class, all classes that derive this class 
will have the corresponding method automatically declared virtual by the system. 
The structure of the virtual function in the base class and each of the derived classes 
is identical. The return type and the number and types of the parameters must be 
identical for all since a single statement can be used to call any of them. 

If the keyword virtual is used, the system will use late binding, which is done at run 
time, but if the keyword is not included, early binding will be used. In early binding 
which function to be executed is decided at compile time so it will execute the 
function in base class only. In late binding that is decided at run time so it will 
execute appropriate function from derived class. In late binding it decides function 
according to contents of pointer while in early it decides function execution according 
to type of pointer. : 


Example 15: Following example illustrates the use of virtual function. 
#include<iostream.h> | 
class Base” 
{ i 
public: voiddisplayQ{ cout<<"In Base"; } 

}; 

class Derived1: public Base 

{ ef 

public: voiddisplayQ{ cout<<"In Derived1"'; } 
4; 


class Derived2: public Base 


public: void display(){ cout<<"In Derived2"; } 
}; 


void main( ) 


Derived1 obj1; 

Derived2 obj2; ~ 
Base *ptr; | : 
ptr=&objl1; 

ptr->display(); 

ptr=&obj2; — 

ptr->display(); 


}; 


Output is :-- In Base 
In Base 
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Why so????? Here, compiler ignores the contents of pointer and chooses the 


member function matching with the type of pointer. (and since pointer is of 
base type), Base class function is called. 


Thus it can’t solve the problem of accessing objects of different classes using 
same statement. . 


The solution is to use. virtual function. 


#include<iostream.h> 
class Base 


public: virtual void display(){_ cout<<"In Base"; } 
}; 


class Derived1: public Base 
{ , | 
public: void display(){ | cout<<'In Derived1"; —} 
}; | , 


b] 
class Derived2: public Base 


f | 
public: void display({ cout<<'"In Derived2"; } 


}; 

void main() 

{ 
Derived1 obj1; 
Derived2 obj2; 
Base *ptr; 
ptr=&obj1; 
ptr->displayQ; 
ptr=&obj2; 
ptr->displayQ; 

} 


Now output is: --In Derived] 

In Derived2 
Thus, here member function of the respective derived classes is executed. So here 
same function call(ptr>display();)executes different functions, depending upon the 
contents of ptr to which it is pointing currently and not on its type(i.e. of base). 


NOTE: Pointer rule in C++:--A pointer declared as pointing to a base class can be 
used to point to an object of a derived class of that base class, but a pointer to a 
derived class cannot be used to point to an object of the base class or to any of the 
other derived classes of the base class. 


5 
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e Characteristics (Rules) of virtual function:-- | 4 
1 The virtual functions must be member of some class. 
2.They can’t be static members. 
3.Object pointers can access them. 


4.A virtual function in the base class must be defined, even though it may not be 
used. . 


».Prototype declaration for the virtual function in base and derived class must be 
same. Since if they are different, it will not be virtual function but compiler will treat 
it as a function overloading. 


6. Virtual constructors are not possible, but virtual destructors are... 
7.They can be friend of other class. | 
8. You cannot use a pointer to a derived class to access base class object. 


9.Base class pointer can be incremented or decremented only relative to its base 
type, and it can’t point to next object of the derived class. 


10.If virtual function is not defined in the derived one, function of the base class 
is called. | | 


11.Empty Virtual funct 
function 


ion defined in the base class is called as pure virtual 


e.g. virtual void display(void) = 0; 


12.A class declared to have pure virtual function couldn’t be instantiated. That 
SO 


means objects of that class can’t be created. Such a class is called as abstract base 


Class 


13.Virtual functions supports runtime polymorphism (RTTI i.e. Run Time Type 
Identification.) 3 


Pure virtual function and abstract class 
class Base 


‘ public: virtual void display()=0; //pure Virtual function, 


class Derived1: public Base 
{ 


public: void j ; | 
. isplayO{ —cout<e<"In Derived1”; —} 


class Derived2: public Base 


public: void display(){ 
void main() 


{ 


cout<<Jn Derived2”,  } 
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Derived1 obj1; 

Derived2 obj2; 

Base *ptr[2]; 

ptr[0J=Sobjl; 

ptr[0]-->display(); 

ptr[1]=&obj2; 

ptr[1]-->display(Q); 


} 
Output is: In Derived] 
_ In Derived2 


Here virtual function is derived as virtual void display ()=0; The equal to sign here’ 
has nothing to do with assignment, also value 0 is not assigned to anything... 

But the (= 0) syntax is simply, to tell the compiler that a function is pure(i.e. having 
no body). | 

But if you remove the body of the virtual function in base class, why can’t we remove 
the function altogether? Since it doesn’t work otherwise. So here base class, Base is 
considered to be as an abstract class. Abstract class is often defined as one, that will 
not be used to create any objects, but exists only as a base class of other classes.i.e. 1n 
above program if you create object of the base class to call its function(like Base obj; 
and obj.display();)it will lead to compiler error---since abstract class can’t be 


instantiated. 
The class to be called as abstract, a class must contain atleast one pure virtual 


function. 


EXERCISE 


1) Write a program in C++ for the following Inheritance structure: 
Shape 
Tiangle Rectangle 


2) Write a program in C++ to accept and display for the following Inheritance 


Structure: 
Student (Name, Roll No.) 


Art (stream, Div) Sience _ Commerce 
(Sream.,type) (Gream,elective) 
Medical Enggineering 


(CETSore ,Div) (PCM Score, Stream, name) © 


3) Using virtual function calculate the area of triangle and rectangle. 
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3.18 FRIENDS IN C++ 
It is sometimes useful to let the functions of one class have access to the componep 
of another class without making the components public and without the Overhead g 
having to call member functions to get private data, in this case friends are Useful 
Friend functions or classes have full access to the public, protected, and privat, 
members of any class for which they have been declared as friends. The definition of 
the friend function may or may not be included in the file containing the definition, 
for the class's member functions a 
Friends can be either functions or other classes. A class grants access privileges to its 
friends. They provide a degree of freedom in the interface design options. The major 
difference is that a friend function is called like f(x), while a member function is 
called like x.f(). 
Derived classes of a friend aren't necessarily friends. If class ABC declares that class 
DEF is a friend, classes derived from DEF don't have any automatic special access 
rights to ABC objects. A friend may be a non-member function, a member function of 
another class, or an entire class. The difference between Friends and derived classes 
is that derived classes might not be able to access all the members of the base class 
while Friends can access. ) 
The privileges of friendship aren't transitive. A friend of a friend isn't necessarily a 
friend. If class ABC declares class XYZ as a friend, and class XYZ declares class 
LMN as a friend, class LMN doesn't necessarily have any special access rights to 
ABC objects 
The privileges of friendship aren't reciprocal. If class ABC declares that class XYZ is 
a friend, XYZ, objects have special access to ABC objects but ABC objects do not 
automatically have special access to XYZ objects. 


Therefore it is true, even in C++ that “friendship isn't inherited, transitive, or 
reciprocal” 


Friend class 
One can also declare a whole class tob 
member functions of the friend class 
other class. | 

Syntax: --friend some-class-name; 
Where this line is placed inside a class declaration and 'some-class- 
of a class known in the file holding the class declaration The follo 


e a friend of another class. This allows all 
to have full access to all the members of the 


name' is the name 


wing shows how 
one class (in this case DEF) can let another class (in this case ABC) be a “friend" 
class 


#include<iostream.h> 
class A 


{ 
private: int data; 
public: A() 


—— xy 


{ 
} 


friend class B; 


data=100; 


}s 


class B 
public : void friendclass(A aobj) 
{ 


cout<<"value of data is:''<<aobj.data; 


} 
void main () 


B obj; 
A objl; 
obj.friendclass (obj1); 


Output is: value of data is: 100 


Program Explanation: In this case we have used friend class, here we are accessing 
private member of class A through its object from within class B’s member function. 


Friend function: 

C++ allows us to make common function friendly to the both classes, thereby 
allowing function to have access to the private data. Also function need not be 
member function of the class. Function declaration uses keyword friend, but function 
definition need not. Also function can be declared to be a friend of any number of 
classes. So if two or more classes are unrelated (not following inheritance 
relationship,), friend function acts as a bridge between them. | 

e.g. class B; 


#include<iostream.h> 
class B; 
class A 
{ 
private: int data; 


ublic: 
: AQ{  data=100; } 


friend int friendfunction(A,B); 


} 


Class B 
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private: int data; 
public: BQ { data=50; } — 
friend int friendfunction (A aobj,B bobj); 


}s 


int friendfunction (A aobj,B bobj) — 
| | 


} 


return (aobj.data+bobj.data); 


- void main() 

{ 
A objl; 
B_ obj2; 
cout<<friendfunction(obj1,obj2); 


} 


Output is: 150. : 
Thus if we want a function to operate on objects of two different classes, (2 objects, of 
different classes, operating on their private data), friend function is used. » 


Exercise: Writer a program in C++ to swap private data values in two classes 
using friend function.(Assume single integer data member ) 


3.19 OPERATOR OVERLOADING 


We are already familiar with one of the ways to implement compile time 
polymorphism by means of function overloading. Other way is operator overloading. 
Operators are similar to functions in that they take operands (arguments) and return a 
value. Most of the built-in C++ operators are already overloaded. For example, the + 
operator can be used to add two integers, two reals, or two addresses. Therefore, it 
has multiple definitions. But the built-in definitions of the operators are restricted to 
built-in types. The programmer can provide additional definitions, so that they can 
also operate on user-defined types. Each additional definition is implemented by a 
function C++ allows the programmer to define additional meanings for its 
predefined operators by overloading them. 

C++ places a number of restrictions on operator overloading. Only the pre- 
defined set of C++ operators may be overloaded. It is illegal to define a new operator 
and then overload it. The meaning of an operator must also be preserved. You cannot 
turn a unary operator into a binary operator or vice versa. and they should follow 


Syntax rules of the original operators. The overloaded operator must have at least one 
of the operands that is of the user-defined type. , 
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Most computer languages do some overloading of operators as part of the language 
itself. It is possible, however, in C++ for programmers themselves to re-define the 
meaning of C++ operators as long as at least one of the operands is an instance of a 

class 
Here are a few of the many examples of operator overloading: | 


e String! + String2 are used to concatenate two standard String objects 
e Date++ increment a Date object | 


° Number] * Number2 multiply two Number objects 
e arr[i] access an element of an Array object 


Defining an Overloaded Operator 

Thus to define an additional task to an operator, we must specify what it means in 
relation to the class to which the operator is applied., so you can include this task in 
operator’s function body. The code itself for an overloaded operator depends on what 
the programmer wants to happen. 


Syntax: returntype classname :: operator oper(parameter list) 


function body 


} 


The word ‘operator’ is a keyword, followed by the operator symbol and you specify 
operands as parameters. So this is called as function operators or operator 


functions. 

The number of arguments (operands) found in an overload declaration depends on | 
whether the operator function is declared as a friend or member function(non static) 
of the class. (It must be one of the two in order to have access to the members of the 


Class.) 
A basic difference between them is that a friend function will have only one 


argument for unary operators and two for binary operators. While a member function 
has no arguments for unary operators and only one for binary operators. Arguments . 


can be passed by value or by reference. bot ae ~ 
Since object used to invoke the member function is passed implicitly and therefore is 


available to member function, so it requires one argument less than if it is declared as 
friend function. 


Steps for overloading operator: 

1.Write the class definition in which 
require operator function, where you write t 
the overloaded operator. 

2.Declare that operator functi 
depending on number of arguments 
the public section of the class. 


operator is to be overloaded, for that you 
he actual code ,you want to execute with 


on as a member function or as a friend function 
that operator is going to take. Also include this in 
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3.Now give definition of the operator function, in which you give additional 
meaning/task to the existing operator. 
4.Now invoke overloaded operator, 
It is invoked by oper obj; or obj oper . 
Where obj is user defined data type(may be instance of the class in which operator 
function is defined) and oper is actual operator to be overloaded. This is to be done if 
it is unary operator.While if it is binary operator, it can be invoked like, 
operator oper (obj1,obj2) if it is a friend function 
and = objl.operator oper(obj2) if it is a memberfunction 


Important Note: | 


When the compiler encounters an o 
call. ak 
But note that following operators cannot be overloaded: scope operator (*::'), member - 
object selection operator (*.*"), class object selector operator (.'), and the arithmetic 
conditional operator (-?:').and sizeof operator.Operators are also not allowed to have 
default arguments. 


Also a strictly unary operator (e.g., ~) cannot be overloaded as binary, nor can 
a strictly binary operator (e.g., =) be overloaded as unary. 

C++ does not support the definition of new operator tokens, because this can 
lead to ambiguity. Furthermore, the precedence rules for the predefined operators are 
fixed and cannot be altered. For example, no matter how you overload *, it will 
always have a higher precedence than +. Operators ++ and -- can be overloaded as 


perator it is converted into an appropriate function 


prefix as well as postfix. 


Example 16: Following exam 


ple illustrates how to overload unary 
operator(unary minus):-- : 


class ABC 
{ 


| 
Ce 3 | 
#include<iostream.h> | | 


int nol,no2; 


public: void getnumbers(int a,int b); 
void display(void); 
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void operator -( ); 


} 
yoid ABC::getnumbers(int a,int b) 
{ : 

nol=a; 

no2=b; 


} P F 
yoid ABC::display(void) 


cout<<nol<<endl]; 
cout<<no2<<endl; 


} 
void ABC::operator -() 


nol= -nol; 
no2= -no2; 


void main( ) 
{ 
ABC obj; | 
obj.getnumbers(3,-5); 
cout<<"'Before overloading:"; 
obj.display( ); 
-obj; 
cout<<"'After overloading:"'; 
obj.display( ); . 
} 


Output : Before overloading: 3,-5 


After overloading: -3, 5 7 
Program Explanation: In this case we are overloading unary operator, since this is 


unary operator to be overloaded, and defined as member function, this operator 
function doesn’t take any argument. When you define statement (- obj ;), it in turn 


invokes operator function, which is negating the original number. 


ample illustrates how to overload binary 


Example 17: Following ex 
; tenate 2 string objects.) 


operator(+operator to conca 


#include<string.h> 
#include<iostream.h> 
class String 
{ 
private: 
int size; 
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char str[80]; 
int nol,no2; 
public: String() 
strepy(str," "'); //default constructor —_, 
String(char s[]) 
strcpy(str,s) ; 
‘ia display(void) 
cout<<str<<endl; 
ting operator + (String s1) 


if((strlen(str)+strlen(s1.str))<size) 


AO 


String temp; 
strcpy(temp.str,str); 
strcat(temp.str,s1.str); 
return temp; 
} 
else . 
cout<<"Be cautious!!!!String overflows!!!" 


}; 


void main( ) 


String objl="HI"; 
String obj2="HELLO"; 
String obj3; 
obj1.display( ); 
obj2.display( ); 
obj3=obj1+obj2; 
obj3.display( ); 
} 


Output is: HI 
HELLO 
HIHELLO 


Program Explanation:- Here we have overloaded binary + operator to concatenate 2 
strings .Here string objects are user-defined and + operator operates on them, since in 
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the operator annie peetay we have concatenated 2 strings, after adding them 
they are ae one to each other, ie second string is appended to the first one 
Statemen ‘et =0bj ie Invokes this operator function. Since you want the effect 

of concatena sy in 0bj3,which is a string object, your operator function must return 
oA object(i.e. class type),therefore return type of this operator function is classtype i.e 
tring. | 

Dealing with fractions with the operator overloading.:-- 

This program overloads binary + and / operators to give addition and division of 2 


fractions. . 


# include <iostream.h> 
class fraction 


_ private: float n, d; 
public: fraction() 


{ 
n=1; 
: d=1; 
} : 
fraction operator +(fraction); //Operator for adding fractions 
fraction operator /(fraction);. //Operator for dividing same 
void getfr(void); | 
void printfr(void); 
}; | 
fraction fraction::operator +(fraction f2) 
{ 
fraction r; 
r.n = n*f2.d+d*f2.n; 
rd =d*f2.d; 
return (r); 
} 
fraction fraction::operator /(fraction f2) 
{ . 
fraction Ir; 
r.n = n*f2.d; 
r.d = d*f2.n; 
return (r); 
} 
void fraction::getfr(void) 
{ 


cout << "\nEnter the numerator no's 


cin >> nN; 


cout << "Enter the denominator-->"; 
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cin >> d; 
} e 
void fraction::printfr(void) 
{ . 
long double r; 
r = long double(n/d); — a 
cout <<n<<"/"<<d<<"="<<re<" "5 


void main() 
{ 
fraction f1, £2, £3, £4; 
fl.getfrQ; 
f2.getfr(); 
f3 = f1+f2; 
{4 = f1/f2; 
cout << ''\nFraction I\t-->"; 
f1.printfrQ; 
cout << "\nFraction 2\t-->"; 
f2.printfrQ); 
cout << "\nSum\t\t-->"; 
f3.printfrQ); 
cout << "\nDivision\t-->"'; 
f4.printfr(); 
cout << endl; 
} 
Output is : Enter the numerator -->2 
Enter the denominator-->5 
Enter the numerator -->4 
Enter the denominator-->5 
Fraction]  -->2/5 = 0.4 
Fraction2 -->4/5 = 0.8 
Sum -->30/25 = 1.2 
Division -->10/20 = 0.5 


| EXERCISE 
2) Write a pro 


gram in C++ to overload increment operation. 
3) Write a program in C++ to overload + 


ahs ee »-»/, and * for addition, 
subtraction division and multiplication of two complex numbers.(Write 4 
program using both type of funct frien 


d and member function). 
3.20 TYPE CONVERSIONS 
. When constant and variables of different type are mixed in an expressio# 
compiler applies rules of automatic type 


conversion, 
Assignment operator also causes automatic Type Conversion 
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™ _ type of the data on right hand side of an assignment operator is automatically 
soaverted to the variable on left. 
eg. inta; 

float b = 3.3346 ; 

a=0D; 

It converts float to integer. Here fractional part is truncated. Thus type 
conversion is automatic for built in data types. 
Now consider, 

obj = objl + obj2 ; 
Now if obj, obj1 & obj2 are of class type objects, compiler: will carry out this 
operation without any objection but it will give error, when one of it is basic data 
type. Here compiler doesn’t support automatic conversion. Thus we have to have 
conversion routines for: - 

a) Conversion from built-in to class type. 

b) Conversion from class type to built-in type. 

c) Conversion from one class type to another class type. 


> From Basic to user defined 
The constructor can be used from argument type to constructor’s class type 
string: : string (char * a) 
{ len=strlen (a); © 
p = new char (len + 1); 
strepy (p, a); 


This constructor builds a string type object from a char * type variable a. 

This constructor can be used for conversion from char * type to string type. 

eg. strl = string (namel) | 

So it converts namel from char * type to string type and then assigns it to object. 


> From User defined te built in 
Syntax : operator type name ( ) 


--- fun 
statements 


This fun converts a class type data to type name. 
eg. ABC :: operator float () 
{ 
float result = 0; 
for ( int cnt = 0; cnt < size; cnt++) 
result = result * cnt; 
return result; 
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hand am ra. 
This converts a ABC obj to corresponding scalar variable. ; 
Here you can have 
float a = obj; 
Where obj is of type ABC. 
By overloading casting operator in the fun (conversion fun) we can have 
translation from class to basic type but conversion fun must satisfy conditions as- 
1) It must be defined as a class member 
2) Must not specify a return value 
3) Must not have any arguments 
Example 18: Conversion between strings ( char array ) and string objects. 
# include <iostreami.h> 
#include <string.h> 
const int size = 80; 
class string 
{ 
private: 
char str [size]; 
public: 
string () 


str[0] = '\0'; 


string (char s []) : //converts str to string (basic a class) 


{ 
strcpy (str, Ss); 


} 
void display( ) 
{ 
cout << str; 


operator char*( ) // conversion fun 
return str; -//converts string to char* (classabasic) 
}5 
void main( ) 
{ 
string obj1; 
char newstr[] = " \nHI "; 
objl = newstr; 


objl.display( ); 
string obj2 = "WELCOME"; ) ” 
e= cout << obj2; // uses conversion function to convert string to 


//_ char array before sending to <<operator 


C++ Programming 107 


} 
Output is: HI WELCOME 


Program Explanation: Here one argument constructor converts a normal string 
(char array)to object of class string. 
This conversion is applied when a string is created as ; 
string obj2 = "WELCOME"; 
Or it will be applied in assignment statement as 
obj] = newstr; 
While conversion fun is used to convert from a string class type to a normal 


string. 
eg. operator char * ( 
{ | 
return str; 
} : 


This conversion fun is used by compiler in statement, cout << obj2; 
Here obj2 is an argument supplied to the overloaded operator << & as << operator 
doesn't know anything about user define string type, compiler looks for a way to 
convert obj2 to type that here << is used to display str(string) & not object . 

It finds out conversion fun & uses it to generate a normal string. Which ts then 
sent to calling string:: display () fun. 


> Conversion between Objects of different classes; | 
Here you can use a one-argument constructor or you can use a 

conversion fun. Choice depends upon whether you want to put the conversion routine 

in the class specifier of the source object or of the destination object. 

eg. if you say | ; 


objA = objB; 
am 
member of class A member of class B. . 
a ak 
(destination) (source) 


We can put conversion routine in either destination or source class. 


Routine in 
source 


Routine in 
destination 


Type 
Conversion: 


(built in conversion functions) 


Class to Basic NA Conversion 
function 
Class to Class Constructor 
function 
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From Class to Class: 
Objects of one class can a 
Writing conversion routine carries ou 


Iso be converted to other (object of other class) 
t this conversion. 


Example 19: Following program illustrates how to convert object of one class to 
other. 
#include<iostream.h> 
#include<math.h> 
class polar 

{ 

private: 

double radius; 
double angle; 

public: 

polar ( ) 


{ 
radius = 0.0; 
angle = 0.0; 


polar (double r, double a) 
{ 

radius = Fr; 

angle = a; 


} 
void display ( ) 


cout <<"Radius="<<radius<<"\t"'<< 'Angle="' <<angle; 


} 
double getr (_ ) 
{ 


return radius; 


} 

double geta (_ ) 

{ 

return angle; 

} 

}; 

class rec 

{ 

private: 

double xcord; 

double ycord; 
public: 
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rec ( ) 


xcord = 0.0; 
ycord = 0.0; 


} 
rec (double x, double y) 
xcord = X; 
ycord = y; 
rec (polar p) //conversion routine 1) 
{ 
float r = p.getr (); 
float a = p.geta (); 
xcord = r * cos (a); 
ycord = r * sin (a); ; ! 
} | 
void display ( ) 
{ i 
cout <<""X-coordinate=""<< xcord <<"\n"'<< "Y-coordinate= " | 
<< ycord; 
} 
}; ? 
void main () 
{ 


rec reccord; 

polar polcoord (10.0, 0.7855398); 
reccord = polcoord; | 
cout <<'\nPolar coordinates:\n"; 
polcoord.display ( ); - 
cout<<"\nRectangular Coordinates: \n"; 
reccord.display ( ); 


Output: - Polar coordinates 
Radius=10 Angle=0.785398 
Rectangular coordinates 
X=coordinate=7.07107 
Y=coordinate=7.07107 


Program Explanation: Here, conversion routine 1) is 1-arg constructors \ 
This function sets the object of which it is a member to the rectangular co- 
ordinates that corresponds to polar co-ordinates of the object received as an argument. 
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3.21 FILES AND STREAMS 
e A stream is a general name given to the flow of data. 
e Different streams are used to represent different kinds of data flow. | 
e Each stream is associated with a particular class, containing member function, 
and definitions for dealing with that particular flow of data. . 
e.g. Extraction operator >> is a member of istream class while insertion . 
operator << is a member ostream class and both of these classes are derived from 
ios class. 
ifstream represents i/p disk files. 


Stream class hierarchy: 


ofstream 


| ifstream fF 


Classes used for i/p and o/p to the video display and keyboard ‘are declared in 
header file, iostream.h while classes used for file I/O are declared in the file fstream.h 


Destination 


output insertion(<<) 
put ( ),write( ), 
[ofstream] 
[Program| 


Header Files 

ifstream , ofstream and fstream classes are declared in the header file, 
fstream.h . These files also include iostream.h, so there is no need to include !! 
explicitly, since fstream.h takes call of all stream I/O. | 


Source 


intput extracrtion(>>) 
get ( ),read( ), 


[ifstream] 


String /O 
// o/ps same strings to a file 


# include<fstream.h> 
void main () 
{ 


ofstream f1(''test.doc"'); 
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fl<<"HI"; 
f1<<"'Hello"; 


} 
} 


When the program terminates, f1 object of ofstream class, goes out of scope, which in 
turn calls the destructor, which closes the file. So here we don't need to close the file 


explicitly. So when you run this program, lines/strings specified, are written to the file 
and there is no O/p in the screen. 


Reading Strings P 
To read the same file, we must create an object of class ifstream. 


#include<fstream.h> 
void main( ) 
{ 
const int MAX = 80; 
~ char buffer [MAX]; 
ifstream f1(''test.txt"’); 
while (f1) 


f1.getline (buffer, MAX); 
cout<<buffer; 
} 
} , | 

Here the insertion operator doesn't work, but instead we read the text from the 
file, one line at a time using getline () function. 

This function reads the characters until it encounters ‘\n’ character and places the 
resulting string in the buffer supplied as an argument and contents of the buffer are 
displayed after each line. 


Detecting EOF (End Of file) ; 
An ifstream object (f1 here) has a value that can be tested for various error 


conditions.If a condition is true, object returns a 0 value, otherwise non-zero. One of 
these conditions is end of file (EOF).The EOF is a signal sent to the program from 
h/w, when a read or write operation has reached to the end of the file. 

The program checks for the EOF in the while loop so that it can stop reading 
after the last string. The value returned by a stream pointer is actually a pointer, but 
the address returned has no significance except to be tested for a 0/non-zero value. 


eee | , 
wee & put () functions, which are members of istream & ostream 


respectively are used to i/p & o/p single character of a time. 
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Example 20: File output ,with characters. 


# include <fstream.h> 
# include <string.h> 
void main() 


ae 


char arr[ ]= “HI & Welcome 
ofstream f1(“Test. txt”); ° 
for (int i= 0,1 <strlen(arr), i++) 
fl.put (arr[i]}); 
} 
File input ,with characters. 


#include < fstream.h> 
void main () 


{ 

char ch; 

ifstream f1 (“Test.txt); 

while (f1) 

fl.get (ch); // read char. 

} | 

cout<<ch; // display 
} 


This program uses get ( ) function & continues reading it until end of file, is 
encountered. And each character read from the file is displayed using cout. 


3.2Z FILES HANDLING IN C++ 

In real life problems, we need to handle large amount of data. For this we 
need to use some devices like floppy disk/hard disk to store the data. This data is 
stored in this device using the concept of files. 

A file is a collection of related data stored on the disk. 
Programs can be designed to perform read &write operation on these files. 


Opening & closing the file : 
Syntax: File-stream-class stream object; 
stream object open (“file name’”’); 


ifstream class is used to read a stream of object from a file & ofstream class 1s used 
to write a stream of objects in a file. 
e.g. ifstream fobj; 
fobj. open (“‘data.txt’”’); 
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File modes : 


With class fstream we need to 5 
General form of function Open () with a arguments is: -- 


stream-object.open (“file_name”, mode); 


The file mode can take any parameter of the list: - 


pecify file mode. 


fi 


.10S::trunc - 


Mode can combine two or more operators using bitwise OR Operator. ~ 
e.g, fout.open (“data”, ios :: appl ios :: nocreate); 

This opens a file named data in the append mode but fails to open the file if it 
doesn’t exists. 


For ifstream, default mode is ios::in & for ofstream, the default mode is 
ios::out. For fstream, there is no default mode. 


> closing a file :- 


function close ( ) is used to close a file, which is 0 
operations. 


It is called automatically, 
E.g.infile.close(); 


pened for read, write 


by destructor function. It can be called explicitly. 


Binary Files: | hee 
In C++ by default the file stream operations are performed in text mode but 


we can store data in binary form. The functions write() and read() are used for this 
purpose. The forms of these functions are as follows: 


in.read(char*)&V,sizeof (V); 
out.write(char*)&V,sizeof (V); 
These functions take two arguments: ; 
1) Address of variable V 
ii) Length of that variable in bytes 


Example 21: 
#include<fstream.h> 
Class A 


P 
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protected: char name[40]; 
int age; 
public: © 

void getdata () 


cout <<''Enter Name :"5 
cin >> name ; 

cout <<"enter age:"'; 
cin >> age; 


void display() 
{ 


cout<<"name is:''<<name; 
cout<<''\nage is:''<<age; 
} 

} 

void main () 

{ | 

A obj; 

obj. getdataQ; 

ofstream fl (""ABC.dat"'); 

fl. write ((char *) & obj, 

sizeof (obj)) ; 

obj.displayQ; 


} 


Output: 
Enter Name :smita 
enter age:23 
name is:smita 
age is:23 
Press any key to continue 
write function takes two arguments: 


1. Address of the object to be written. 
2. Length of the objects in bytes. 


3. We have used size of operator to find the length of object 0 
class. 


4. Here the address of the object 
5. Must be cast to type pointer to char. 
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File Pointers: 
Begin End - 


<—~ Positior 
file pointer. 


Each file object has associated with it, 2 integer values called get pointer & 
put pointer. These are also called current get position & current put position pointers. 
These values specify the byte number in the file where writing and reading takes 
place: . 

There is some situation, when user must take control of the file pointers so 
that you can read from & write to an arbitrary location in the file. ” 
e.g.seekg( ) and tellg( ) function, allow you to set & examining the get pointers, and 
the seekp( ) and tellp( ) function perform these same actions on the put pointer. 


Specifying the position | 

Seekg ( ) function set the pointer to the beginning of the file so that reading 
would start there. | | 7 

This form of seekg() takes. one argument which represents the absolute 
position in the file.The start of the file is zero. | 


Specifying the offset 
seekg( ) function can be used in two ways. 
1) One, where the single argument represents the position. . 
2) You can also use it with two arguments where the first argument represents an 
offset from a particular location in the file & the 2™ specifies the location on 
which offset is measured. There are 3 possibilities for the 2" argument: 
= beg — beginning of the file 
= cur- is the cement, pointer position 
= end- isthe end of the file 


eg. seekg (-10, ios:: end) . 
It will set the put pointer to 10 bytes before the end of the file. 


seekg( ) fun with two arguments : 


Begin End 
= —> ~“Ofiset from end 


Offset from begin 
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Example 22: Program for file manipulation 
# include <fstream.h> 
# include <stdlib.h> 
void main() 


const int SIZE = 80; 
char line [SIZE]; 


ofstream fout; 

fout.open("country"); 

fout << "United States of America\n"; 
fout << "United Kingdom \n"; 


fout << ''South Korea \n"s 
fout << "India \n"'s 
fout << "Pakistan \n"s 
fout.close(); 


fout.open("'capital"); 

fout << "Washington D.C.\n"; 
fout << "London\n"; 

fout << "Seoul\n"; 

fout << "New Delhi\n"'; 

fout << "Islamabad\n"; — 
fout.close(); 


ifstream fin1, fin2; 
fin1.open("country"); 
fin2.open(''capital"'); - pa 
‘cout << “Country\t\t\t\tCapital\n\n"; 
for (int i= 1; i<= 10; i++) 


if(fin1.eof() != 0) 
{ 


cout << "Exit from country \n"s Fl 
exit(1); 7 


fin1.getline(line, SIZE); 
cout << line << "\t''s 
if(fin2.eof() != 0) 

{ 


cout << "Exit from Capital \n"; 
exit(1); 
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fin2. getline(line, SIZE); 
cout << line << "\n"; 


} 
} ; 
Output Is : 
Country Capital 
United States of America Washington D.C. 
United Kingdom London 
South Korea Seoul 
India New Delhi 
Pakistan Islamabad 


Exit from country 


Command -line arguments: 

Used when invoking a program from Dos. 

They are typically used to pass the name of a data file to an application. 
E.g. void main (int argc, char* arg[]) 

a, | | 

cout <<”\nNumber of arguments are:”<< argc; 
for(int i=0;i<argc; i++) 

cout<<”\nArgument “<< i<<”="<< argv [i]; 


} 


Output when run from the command line is: --- 

c:\>Prog1 HI Hello Welcome ‘ 
Number of arguments are: 4. 

argument 0 = c:/cpp/ch14/.../Progl.exe (specifies complete path) 
argument 1 =HI | 
argument 2 = Hello 

argument 3 =Welcome 


To read the command line arguments, the main ( ) function itself must be given two 
arguments. 

First is argc. (for argument count) which represents total number of command-line 
arguments. 

The first command-line argument is always the pathname of the current program. 
Remaining command-line arguments, are those typed by the user, are delimited by 
Space character 

System stores the command-line seeaens as strings in memory & creates an array 
of pointers to this string. | 
Individual string are accessed through appropriate pointer so the first string 
(pathname ) is argvl0], second is argv [1] and so on........ 
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SOLVED PROGRAMS , 

(1) Write the power () function in C++ that returns x raised to the power n, where p 

can be any integer, double power (double x, int p); . 

Use algorithm that would compute x”’ by multiplying 1 by x 20 times. (March 2002) 

Solution: 

#include<iostream.h> 

double pow (double, int) ; 
void main ( ) 


{ . 
double x; 
int n; 
cin >>x>>n3$ 
cout <<x<< "raised to''<<n <<'"'=""<< pow (x, n) << endl; 
}o | 
double pow (double x, int n) 
{ 
if (x==0) 
return 0; 
if (n==0) 
return 1; . 
doubley = 1; 
for (inti =0;i<n3; i++) 
y *= x; 
for (i =0;i>n3 i--) 
y /= x; 
return y; 
Output is: 
2 
3 


2 raised to 3 =8 


(2) Write a C++ program to find the greatest common divisor of two numbers. 
Define a method find to accept the values and calculate GCD of two numbers and 
print the GCD value. (March 2002) 

Solution: . ; 

# include<iostream.h> 

class gcd 

{ . 
int a, b; 
public: 

void find ( ) ; 
}; 


rammin — oe i 
C++ Preg g 119 


TT 


yoid ged :: find (void) 


cin >> a >> b; 
while (a != b) 


if (a > b) 
a-= b; 
- if (b> a) 
b -= a; 


cout << a; 


void main ( ) 
{ 

gcd obj; 
obj . find (); 


Ouiput is: 
15 

25 

5 


(3) Write a C++ program that will read a line of text and count the number of words 


in a text. (March 2002) 
Solution: . | 
# include <iostream ° h> 
# include <string: h> 
void main () 


{ | 

int i, len, w = 9; 

char line [80]; 

cin . getline (line, 80); 

Jen = strlen (line); 

for (i = 0; i < len; i ++) 

if (line [i] ==’ ’) 
Ww ++; 

cout << “words = “<w + 1; 

} 


Output: Today is Monday 
o 
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QUESTIONS © 


1. Select the correct alternatives 
1) Following is not the feature of OOPs 
a). Polymorphism b) Inheritance c). Data abstraction d) None of the above. 
2) Following operator can’t be overloaded: 
 abt+ bys c)- d)* 
3) A mechanism, which automatically destroys” an object when it gets invalid is 
a) constructor b) destructor. c). object d) member function . 
4) Which of the following allows to acceess the private data of other function? 
a) Inline function.b) Friend function c) main function d) All of the above. 
5) Object is defined as: | | 
a) Instance of aclass_b) "black box" which receives and sends messages. _ 
c) Both of the above. d). None of the above. 
6) C++ provides: 


a). single inheritance b) multiple inheritance 
c) multilevel inheritance — d) All of the above 
7) A structure is a class all of whose members are by default | 
a) public b).private c)protected d) none of the above. 
8) Which of the following is not a feature of out Oriented Programming 
a)Follows bottom-up approach (Mar.2004) 


b) Object may communicate with each other through functions 


c) Follows top- -down approach in design d) Programs are divided into what are 
known as objects. 


9) The ability to take more than one form is called 


in object 
oriented programming. — (Oct.2003) 
a) inheritance, b) encapsulation, c) polymorphism, d) data abstraction. 
10) is not a derived data type in C++. (Mar.2005) 
a) Class . b) Array -¢)Function — d) Pointer 


11) A derived class with several base classes is inheritance. 


a)single  b) multiple ___c) multilevel d) hierarchical (Mar.2006,09) 


12) . Which of the following allows to access the private data of other class is 
a) In-line function b) Friend function (Mar.2007) 
c) Main function d) All of the above _ 

13) Following operator cannot be overloaded _- . : (Mar.2008) 


a)++ b) :: C) - d) * 
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14) For a=23 and b=3 the value of c after execution of c=(a/b)*(a%/b)is 
a) 14 b) 49 Se)21 d)69 _ (Mar.2010) 
15) In C++ double type data consumes ——pytes in memory | (Mar. 2016) 
a) 2 b) 4 c) 6 08 
16) If all visibility labels are missing then by default members of class are 
a) public b) private c)protected d) Void | (Mar. 2017) 
17) What will be the value of x after execution of following expression in C**? 
X=++m+n-+-+4; where m=10andn=15. (Mar. 2019) 
a) 25, b) 27, c) 26, d) 28 | 
18) operator cannot be overloaded. (Mar. 2020) 
a) ++ b) + cin | _ d)>> - * 
. _ THEORY QUESTIONS 
1. What is C++ ? write advantages of C++. (Mar.2003) 
2. Explain the difference between procedural programming and object oriented . 
programming. (Specimen Paper) — 
3. Write any six main advantages of OOPs. (Mar.2003) 
4. Explain classes and objects. : | | 
5. What is resemblance between arrays and pointers? 
6. Why references are used? , 
7. What is difference between class and structure? | (Specimen Paper) 
8. What is runtime and compile time polymorphism? How it is achieved? 


(Specimen Paper) 
9. What is operator function? Describe the syntax of operator function. (Mar. 2017) 


10. Explain the difference between operator function as a member function and as a 
Friend function. | (March 2002,2016) 

11. Explain difference in function overloading and function overriding. 

12. Explain virtual function. Why it is necessary? 


13. State any 8 characteristics of virtual functions. ) (March 2002) 

14. Explain difference between nested classes and derived classes. 

15. What is class? Give general form of class declaration. _ (Mar.2003) 

16. State characteristics of friend function eee (March 2016,2017) 

17. Explain constructor and destructor with example. ~ (March 2002). 

18. What is a Constructor in C++? With a suitable example explain how a constructor 
is declared and defined. = (March 2005) — 


19. Explain how memory address of a variable is accessed in C++. 
(Model Paper, Mar.04) 
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20. Why there is necessity of overloading an operator. (Model Paper) 

21. Explain with a diagram, the file input and file output streams 1n C++.(Mar.2006) 

22. Enlist the basic data types used in C++ with size of data in terms of bytes for 
each. ~ (March 2006) 


23. Explain how the memory address of a variable can be accessed in C++. 
(March 2007) 


24. What are pointers in C++? Explain the use of pointer variables for function 
‘definition using call by value and call by reference. (March 2007,08,09,19) 


25. What is the function of each of the following file stream classes? 
i) ifstream ii) ofstream iii) filebuf ++. (March 2008,2020) © 


26. What is inheritance in C++? What are different forms of inheritance? Give 
example for each. - (Mar.2003) 
27. What is the difference between function overloading and function overriding? 


28. What is runtime and compile time polymorphism? How it is achieved? 
(Specimen Paper) 


29. What is operator overloading? State the three steps involved in the process of 


_ overloading. (Mar.2003,20) 
30. What is a Constructor and a Destructor? Give one example foreach. — 
, (Mar.2006,09,2020) 


31. What are Destructors?Write the rules for writing destructor function. (Mar.2009) 
32. Explain Runtime and Compile time polymorphism? Give any one example. 


| (Mar.2009,2017) 

33. State any six characteristics of constructor function. (Mar.2003,2016,2019) 
34. Explain the use of scope resolution operator and memory management operators 
in C++ with examples. (Mar.2004) 
35. What are classes in C++ for file stream operation? How do you open and close 
files in C++? Explain any four file modes. (Mar.2004) 

36. Explain the following concepts with an example of each: 

a) Inheritance b)Polymorphism c) Data Abstraction (Mar.2004) 

37. What are classes in C++ ? How are member functions defined inside and outside 
the class? Explain with examples. (Mar.2004) 

38. Explain basic and user defined types in C++. 3 (March 2002) 


39. Explain the tree types of data conversion in C++ with a suitable example. 


| (March 2005,2019) 
40. Explain local data and global data variables in C++ using example. (Mar.2016) | 


-4.4 Programmin 
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a+ ‘X3ing Exampl : | 
a pies explain how files are opened and closed in C++ ? state any four 


file modes : | (Mar.2016) 
4233.State three characteristics of static data. (Mar.2016) 
43. Explain use of memory management operators in C++. | ~ (Mar.2016) 
44.Explain the concept of function overloading withexample. - (Mar. 2017) 
45, Explain the use of scope resolution operator and memory management operators 

in C++ with examples. | (Mar. 2017) 
46. Explain the syntax of C++ program structure with example. (Mar. 2019) 
47, Explain any six operators used in C++. | (Mar. 2019) 
48. Explain friend function in C++ with example. (Mar. 2020) 
49, Write C++ declaration for the following. (Mar. 2020) 

i) Array of 10 integers ii) Pointer to character variable iii) Object of the class 
PROGRAMMING EXERCISE 


1. Write a C++ program that right justifies text. It should read and echo a 
sequence of left justified lines and print then in right justified format. (Mar.2006) 
2. Implement a class temperature to convert degree Fahrenheit Value to degree - 
Celsius Value. [Hint : C/5 = F - 32/9, where C is temperature in degree Celsius 


and F is temperature in Fahrenheit degree] (Mar.2006,09,16) 
3. Write a program in C++ to find the Greatest common Divisor (GCD) of two 
natural numbers. (Mar.2006) 


4. Write a C++ program to display first 20 terms of Fibonacci series. 
(Mar. 2007,09,16) 


5. Write a C++ program to find factorial of a natural number inputted during 
(Mar. 2008) 


program execution. . 
right justifies text. It should read and echo a 


6. Write a program in C++ that : 
sequence of left justified lines and print them in right justified format. . 

. 2 | (Mar.2007) 

m to replace every space in an inputed string (less than 80 


(Mar. 2007) 


7. Write.a C++ progra 


characters) with a hyphen (i.e. -) 


8. Implement a Circle Class. Each object of this class will represent a circle 


us value a float. Include an area () function which will 


accepting its radi | 
(Mar. 2008) 


calculate the area of circle. | 


9. Write a C++ program to find greatest common divisor of two numbers. Define 


a method find to accept the values and calculate GCD of two numbers and 


print the GCD value. | | | (Mar. 2008,2011,17) 
10. Write a C++ program that will read a line of text.and count the number of 
words in a text. 3 (Mar. 2008) 


11. Write a C++ program to count occurrence of a character ‘J’ in a string. ; 
12. Write a C++ program by using swap function to interchange two given 
numbers. , (Mar. 2010) 
13. Write a C++ program to accept a number and test whether it is a : 
Prime number. | 3 (Mar. 2011) 
14. Write an object Oriented program in C++ to read an integer number and find 
out the sum of its all digits.( e.g. if n=1256 SUM = 1+2+5+6) = (Mar. 2011) 
15. Implement q class average . Include a constructor in it which will accept value 
of three variables from user. Include two more functions in it, one calculates 
average and other prints it. | (Mar. 2016) 
16. Write a C++ program to find factorial of entered number. (Mar. 2017) 


17, Write a C++ program to accept a sentence (maximum 50 characters) and print 
sentence in reverse. | : | (Mar. 2019) 
18. Write a function in C++ to accept four inte 
print it. | 
19. Write a C++ program to find smallest in an array of 10 floats usi 


gers. Find the smallest integer and 
(Mar. 2019) 
ng pointer, 


| | (Mar. 2019) 
20. Write a class based program in C++ to find area of a Triangle. (Mar. 2019) 


21. Write a C++ program to accept 10 integers in an array and find its sum and 
average, . 


; | (Mar. 2020) 
2. Write a C++ program ‘to accept a sentence of 80 Characters and count number 
of word in a sentence. | (Mar. 2020). 
Answers Q.(1) . | 
1) None of the above, 2) 3, 3) Destructor, 4) Friend function 
5) Both of the above, 6) All of the above, 7) Public 


8) Follows bottom-up approach 9) polymorphism 10) Class 
11) multiple 12) Friend function 13):: 14)14 15)8 
16) private 17)26 18) :: 


OOO 


4 
HTML. 


INTRODUCTION 


HTML is an evolving language, and stands for Hyper Text Markup Language 


e It is a text file containing small markup tags which are instructions given to 
browser about how to display the page. ; 7 


e An HTML file must have an htm or html file extension. 


¢ An HTML file can be created using a simple text editor (like Notepad in 
windows). : : 


HTML was invented by Tim Berners-Lee while at CERN, the European Laboratory 
for Particle Physics in Geneva. . | 


4.1 WHY HTML 


Hypertext is an ordinary text with formatting facilities and Markup is the 
process of taking ordinary text and adding extra features to it. _ 7 

Thus the HTML documents are text files made up of HTML elements that 
define a document and guide its display. In practical terms, HTML is a collection of 
platform-independent styles that define the various components of a World Wide 
Web document. HTML provides the user with a consistent interface and a highly 
effective medium for presenting information to developers. 
HTML is a set of instructions given to Web browser for formatting and layout 
of WebPages, so it may be possible that a look of the same HTML code may differ 
since different browsers may interprets them differently. ! 


Advantages of HTML 
!) HTML is an easy to use, learn, implement and flexible alternative to 
traditional presentation and tedious software. 

2) Contains powerful formatting facilities. 3 

3) HTML documents are device and platform independent. (Since it can be 
designed to work on not only home PCs but also on graphical workstations, 
dumb terminals, network computers, hand-held devices etc.) | 
You can traverse to any HTML document required because of hyper linking 
facility available, thus controlled navigation is possible. a 
Required HTML pages can be updated easily, without changing whole 
document. 
6) Itisakind of software, which has been called world ware. _ 
7) Independent work can be done and you need not rely cn application or 

Program vendor. a ? 

No expensive license software or hardware required. 


4 


— 


5 


— 
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9) If compatibility with user habits, expectations and multiple platforms js the 
goal, then HTML is the only approach to delivering a web application 


Disadvantages of HTML . 

1) HTML doesn’t offer programming languages features and capabilities. 

2) It's easy to write "bad" HTML containing errors. 

3) Complex HTML code is hard to read and understand and code complexity 
increases to make interactive web page. So building complex pages is Very 
time consuming. ) 

4) It's easy to make mistakes (e.g. leaving out a ">" or "/" character). 

5) Special types of software like scripting languages (VB Script, Java Script) are 

required for handling different events and validations. 

6) Can’t detect errors easily since no special debugging tool is provided. 


4,2 HTML DOCUMENTATION 

| HTML documents are plain-text (also known as ASCII) files that can be 
created using any text editor (e.g., Emacs or vi on UNIX machines; Simple Text ona 
Macintosh; Notepad on a Windows machine). You can also use word-processing 
software if you remember to save your document as "text only with line breaks". 


HTML Editors “ae 8 | 
HTML Editors are programming tools for Hyper Text Markup Language 
(HTML) documents. 
There are three categories of HTML Editors: 
1. Text Editors 


2. HTML Code Editors 
3.. HTML Design Tools 


1) Text Editors | ts : 
These editors only edit ASCII text. They offer no functionality to facilitate 
better HTML development. They are useful if your knowledge of HTML is excellent. 
Some examples of Text Editors include Notepad (Windows), Simple Text 
(Macintosh), and Pico (Unix). 
. They are typically WYSIWYG. WYSIWYG is an acronym for "what you s¢ 
is what you get"; it means that you design your HTML document visually, as if yo" 
were using a word processor, instead of writing the markup tags in a plain-text file 
and imagining what the resulting page will look like. | 


2) HTML Code Editors 
These editors may or may not be WYSIWYG. 
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3) HTML Design Tools | 
These tools are intended for HTML development without exposing the code to 
the author. They are typically WYSIWYG. Many of these tools do allow the user to 
access the HTML code, however this is not usually apparent to the user. Some 
examples of HTML Design Tools include NetObjects Fusion (Web Development), 
and Microsoft Office 97 (Traditional Office/Design Tools that provide HTML 
output). 
You can concentrate on the content, rather than the syntax, of your Web site, You 
can Create a Web site without learning HTML, You can Design Elegant and 
Consistent Web sites with a few key strokes, since they are more user friendly 


> HTML ELEMENT | 
An element is a fundamental component of. the structure of a text document. ° 


Some examples of elements are heads, tables, paragraphs, and lists. Elements can 
contain plain text, other elements, or both. 3 


HTML elements are defined using HTML tags. 
> HTML Tags 
e HTML tags are used to mark-up HTML elements. 
¢ HTML tags are surrounded by the two characters < and > 
« The surrounding characters are called angle brackets. _ 
e HTML tags normally come in pairs like <b> and </b>they are usually paired 
to start and end the tag instruction. 
The first tag in a pair is the start tag, the second tag is the end tag. 
The text between the start and end tags is the element content. 
HTML tags are not case sensitive; <b> means the same as <B>. 
Syntax is: pe it 
<tag name> text (element content) </tag name> 
<tag name attribute name=”argument/value”> text (element content) 


</tag name> 
or just 
<tag name> 


For example: 
<TITLE> WELCOME TO MY WEBSITE </T ITLE> 


<A HREF="URL"> CLICK HERE </A> 
An HTML document is composed of a single element: 

<HTML>... </HTML> | 
that is, in turn, composed of head and body elements: 

<HEAD>... </HEAD> \ 
and <BODY>...</BODY> 
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> Tag Attributes | - 
Tags can have attributes. Attributes can provide additional information about th 
HTML elements on your page, included inside the start tag. ; ; 
Attributes always come in name/value pairs like this: name="value 
Syntax is c 
<tag name attribute name="value’”’> | 
e.g. <IMG SRC="c:\a.jpe”> . ae 
so here src is an attribute for image tag. Normally its value is specified in quotes. 


e Some useful Tips while writing HTML document ; 
HTML is not case sensitive. So <head> is equivalent to <HEAD> or <Heads 

Also all tags are not supported by all World Wide Web browsers. If a browser doe 

not support a tag, it will simply ignore it. 2, 

When you write HTML text, you can never be sure how the text is displayed 

another browser. The text will be reformatted every time the user resizes hi 


window. Never try to format the text in your editor by adding empty lines and Space; 
to the text. | 


HTML will truncate the spaces in your text. Any number of Spaces counts a: 
one. In HTML a new line counts as one space. 


Using empty paragraphs <p> to insert blank lines is a bad habit. Use the <br> 
tag instead. You might have noticed that paragraphs can be written without the 
closing tag </p>. Don't rel : 
skip any closing tags. 
HTML automaticall 


y adds an extra blank line before a 
like before and after a p 


nd after some elements, 
aragraph, and before and after a head} : 


ng. 


4.3 THE MINIMAL HTML DOCUMENT | 

Every HTML document should contain certain Standard HTML tags. Each 
document consists of head and body text. The head contains the title, and the body 
- contains ‘the actual text that is made | 


up of Paragraphs, lists, and other elements. 
Browsers expect specific information b 


ecause they are programmed according to 
HTML and SGML Specifications, , 


> Simple html document 


<TITLE> HOME PAGE 
</TITLE> 


</HEAD> 


<BODY> THIS IS MY FIRST WEB Pp 
</BODY> oe 


TML> 
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(bee VOW save-an HTML file, you can use either the .htm or the .html, extension. 
Save the file as "firstpage.htm". Open this file through your Internet browser.) 


Example Explained 

The first tag in your HTML dociment is <HTML>. This tag tells your browser 
that this is the start of an HTML document. The last tag in your document is 
</HTML>. This tag tells your browser that this is the end of the HTML document. 
The text between the <HEAD> tag and the </HEAD> tag is header information. 
Header information is not displayed in the browser window. The title is displayed in 
your browser's caption. 

_ The text between the <BODY> tags is the text that will be displayed in your 

browser. 

ame text between the <TITLE> tags is the title of your page 


4.4 BASIC HTML TAGS 
The most he ee tags in HTML are tags that define headings, paragraphs and 
line breaks. 


1.<HTML> 
The HTML tag identifies a document as an HTML document. All HTML documents 


should start with the <HTML> tag and end with the </HTML> tag. 


e.g. 7 | 
The following example begins and ends a short document with the HTML tag. 
<HTML> | | | 
<BODY> 
This is HTML file. 
</BODY> 
</HTML> 


Following tags appear in <HTML>tag.:-- 


¢ HEAD | | 
The HEAD contains general information, or meta-information, about the 


document. The HEAD tag defines an HTML document header. It is the first thing in 
any document, lying above the BODY and just after the <HTML> tag starting the 
document, The contents of the HEAD are not displayed as part of the document. 

The HEAD tag can contain TITLE, BASE, ISINDEX, META, SCRIPT, STYLE, 


and LINK tags. 


Syntax 
<HEAD>...</HEAD> 
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e.g. <HTML> 
<HEAD> 
<TITLE>WELCOME TO FIRST WEBSITE</TITLE> 
</HEAD> 
</HTML> 


e TITLE , ’ 
The title of a document is specified by the TITLE element, which should be 


placed in the document HEAD. Each document can have only one title, which should | 
identify the document content in a general way. 

The Title is not part of the document text and cannot contain hypertext links or 
special markup commands -- it must be simple text. Often the title is used to label the 
window displaying the text, or is used to label a place in a browser's history or 
bookmark list. It therefore should be short -- less than 64 characters 
Other tags can be placed are: 


° STYLE -- Stylesheet instructions, written in a stylesheet language. Stylesheet 
instructions specify how the document should be formatted for display. Very few 
browsers currently support stylesheets. 

e SCRIPT -- Script program code -- for enclosing, within a document, scripting 
program code that should be run with -- and that can interact with -- the 
document. Example languages are JavaScript and VBScript. | 

E.g.<HTML> 7 , 
<HEAD> | Be 

<SCRIPT language=” VBSCRIPT”> VBscript </SCRIPT> 
</HEAD> ae 
<BODY> 
hase text of the document 
</BODY> 
</HTML> 


2.<BODY> Defines the document's body | 
The BODY element contains all the contents of a document 


Various mark-up elements are allowed within the body to indicate headings 
paragraphs, lists, hypertext links, images, and so on. : 
» Attributes in body tag 

1) The BACKGROUND Attribute 
This allows you to specify an image file to use as 
watermark) behind the displayed text and graphics, 
E.g.<BODY BACKGROUND="c:\a.gif"> 

TEX ss 
</BODY> 


a background (a bit like 4 
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So image a.gif will be set as a background to your web page. 


2) Background color of the web page 

Attribute iss BGCOLOR="t#trgebb" 
Sets the background color to the specified RGB color value, where RR GG and BB 
are the hexadecimal color codes for the Red, Green and Blue levels, ranging from 0 to 
755 -- that is, 00 to FF. The color "000000" is black, while "FFFFFF" is white. 


3) Setting the text color(TEXT Attribute) 


‘syntax: <BODY TEXT="#rrggbb">text in a body</BODY> 
Sets the default text color to the specified RGB color value. 


) 4) Setting color for hyperlinks (LINK Attribute) 
Syntax: <BODY LINK="#rrggbb">text ina body</BODY> 
Sets the default text color of hypertext anchors to the specified RGB color value.’ 


5) Setting color for visited hyperlinks (VLINK Attribute) 
Syntax: <BODY VLINK="#rrggbb">text in a body</BODY> 


Sets the default text color of visite 


d hypertext links to the specified RGB color 
value. , 


> Elements in the BODY are categorized as 
A) Text Block Elements 

BODY element contains a 
the document content is organized into 


ll the displayed content of a document. Structurally, 
blocks of text, such as paragraphs, lists, 
headings, paragraphs, block quotations, and so on. These are generically called block 
elements, since they "block" chunks of text together into logical units. Block elements 
can often contain other blocks -- for example, a list item can contain paragraphs or 
block quotations, so that these elements can often nest together. 


The block-level elements are: 


Hn (Headings) (h1 to h6) 


P 
ADDRESS __ 
BLOCKQUOTE 
PRE 

HR 

FORM 

TABLE 


B) Text Emphasis Elements . 
These are elements that mark text for special meanings, for example, that a Particula, 
piece of text is emphasized (EM) or a citation (CITE), or that specifies the desire, 
physical formatting, such as boldface (B) or italics (I). These elements can usuall 
appear anywhere inside a block element, with a few exceptions (you can't hay, 
images inside a PRE element). , 


C) Special Elements -- Hypertext Anchors | x 
Analogous to the text-level markup is the anchor (A) element. This is the element tha 
marks hypertext links. Obviously you want to know a lot about this one. 


D) Character-Level Elements | 

Then are what I call character-level elements, namely line breaks (BR) and images 
(IMG). These are treated much like characters, and can appear wherever there is a 
character in a document. | | 


E) Character References 
Finally there are character or entity references. These are special HTML "escape" 
codes that can be used ‘to enter special characters that are hard to type, such as 
accented or other non-ASCII characters. You also need to use these to type angle 
brackets or ampersand characters -- as these are otherwise interpreted as HTML tags 
(<... >) or as the beginnings of character or entity references (&). 
Analogous to the text-level markup is the anchor (A) element. This is the element that 
marks hypertext links. Obviously you want to know a lot about this one. 


3. <P> Defines a paragraph : 

Paragraphs are defined with the <P> tag. Can contain align attribute for alignment of 
the text within paragraph. : 

E.g.<P ALIGN=”"CENTER”> this is a paragraph</P> 


HTML automatically adds an extra blank line before and after a paragraph. You 
must indicate paragraphs with <P> elements. A browser ignores any indentations or 
blank lines in the source text. Without <P> elements, the document becomes one 
large paragraph. The </P> closing tag may be omitted. This is because browsers 
understand that when they encounter a <P> tag, it means that the previous paragraph 
has ended. However, since HTML now allows certain attributes to be assigned to the 
<P> tag, it's generally a good idea to include it. | Lhe 


e ADDRESS Element 
The ADDRESS element is used. for addres 
authorship, etc. It is often placed at the bottom (or top) of a document. The rendering 


of the contents of the ADDRESS is left up to the browser -- most browsers render the 
ADDRESS in italics. It may also be Tight justified, or indented. 


S information, signatures, statements of 
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e.g. 
cADDRESS><A HREF="c:\add " 
-P><ADDRESS> ‘html">X.Y.Z.</A></ADDRESS> </P> 


WEB DESIGNER<BR> 

Tel (023) 122 123. 
~ </ADDRESS> </P> 

These.are rendered as 

XZ 

WEB DESIGNER 

Tel (023) 122 123. 

An address canner contain P, BLOCKQUOTE, FORM or other block elements, but | 
can contain text, text markup (emphasis, etc.), anchor elements or even images. é . 


| 4, <BR> Inserts a single line break 


Line Breaks: 
The <BR> tag is used when you want to end a line, but don't want to start a new 


paragraph. The <BR> tag forces a line break wherever you place it. 


E.g. This <BR> is line breaks. 
So here This and is line breaks will appear on two different lines. . 


The <BR> tag is an empty tag. It has no closing tag. 


5. <HR> Defines a horizontal rule. 
Used to produce a horizontal line, the width of browser’s window. 


It allows to differentiate sections of your document. 
SIZE and WIDTH attributes will let you alter the thickness 
And the percentage of the windows covered by it. 


e.g.<BODY> 
<HI1>This is my first web page</H1> 


<HR SIZE=5 WIDTH=”20%"'> 
</BODY> | 


6. <! Defines a comment in the HTML source code Comments in HTML. 
The browser will ignore a comment. You can use comments to explain your 


code, which can help you when you edit the source code at a later date. 


E.g.<!-- This is a comment --7 | 
point after the opening bracket, but not 


Note that you need an exclamation 


before the closing bracket. 7 

etd do not nest, and the doubl 
Inside a comment except as part of the eet 
there are no spaces in the start-of-comme 


e-dash sequence "--" may not appear 
--> tag. You must also make sure that 
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For example, the line | 
<!-- This is a valid comment -->- 


<!-- This is not a valid comment --> . 
is not, since there is a space between the left angle bracket and the exclamation mark, 


7. Headings | | 
<H1>---<H6> Defines heading 1 to heading 6. | : 

Headings are defined with the <H1> to <H6> tags. <H1> defines the largest 
heading. <H6> defines the smallest heading (as shown). 


Heading Size 1 Heading Size 2 


Heading Size 3 Heading Size 4. 
_ Heading Size 5 Heading Size 6 


E.g. | 
<H1 STYLE="COLOR: blue">THIS is displayed in large font with blue color </H1> 
<H1 STYLE="FONT-FAMILY:verdana">This is displayed in verdana font style 
</H1> . . : 
’ <H1 STYLE="FONT-SIZE:150%">You can define size in percentage also.</H1> 
HTML automatically adds an extra blank line before and after a heading. 


8. <PRE> tag . 

This tag preformats the text. The text appearing between <pre> and </pre> is 
displayed in monospace form. Using this tag, we can position the characters. It can 
also be used for columnar lists. 

Eg. <PRE> Employee_name Employee_number Employee_address </PRE> 

So output is displayed as : | 

Employee_name_ . Employee_number — Employee_address 


4.2. FONT TAGS IN HTML 


To have different size and color to the text, rather than using headings tags, 
many people uses <FONT>tag. 


The <FONT> tag in HTML is deprecated. It is supposed to be removed in a future 
version of HTML.. 
Font attributes: } : 


[Example] Purpose 
size"nomber” | —size=” 


Esco" smombar 
Sze="-mumber” | size"=I" [Decreases the font ize 
co" Tce name” 


ilies 135 
OT — 
c.g: | 


<P> 
<FONT SIZE="5” FACE=” VERDANA” COLOR="#A AO0FF’> 
This is example of demonstrating fonts. </FONT> 


</P> 
e <MARQUEE> TAG 


MARQUEE, supported only by the Microsoft Internet Explorer 2 (and later) 
browser, is used to create a scrolling text marquee. 


e.g. <MARQUEE ALIGN="top’>Scrolling text </MARQUEE> 
creates a text marquee with the enclosed text scrolling along the frame. 

The another attribute is DIRECTION defining direction of the marquee text. 
e.g <MARQUEE DIRECTION=”"RIGHT”>WELCOME</MARQUEE> 

So here WELCOME scrolls from left towards right. The default direction is right 
to left. , a 

But other commercial browsers, including Netscape Navigator, do not support this 
element. 


> Character Formatting 

HTML has two types of styles for individual words or sentences: logical and 
physical. Logical styles tag text according to its meaning, while physical styles 
indicate the specific appearance of a section. For example, in the preceding sentence, 
the words “logical styles” was tagged as “strong.” The same effect (formatting those 
words in italics) could have been achieved via a different tag that tells your browser 
to “put these words in bolds.” Try to be consistent about which type of style you use. 


Logical Styles: 
<EM> | | | 
for emphasis. Typically displayed in italics. (Consultants cannot reset your 


password unless you call the help line.) 

<CODE> ' 
for computer code. Displayed in a fixed-width font. (The <stdio.h> header 
file) | 


<STRONG> 
for strong em 
links.) 


phasis. Typically displayed in bold. (NOTE: Always check your 


<VAR> : 
for a variable, where you will repla 
Typically displayed in jtalics. (rm fil 


ce the variable with specific information. 
ename deletes the file.) 
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Physical Styles | aa 
<B> bold text :It boldface text appearing between <B> and </B> tag. 
e.g.<B>In Bold</B> | 
Output is In Bold 


<I>italic text : It italicize text appearing between <I> and </I> tag. | 
e.g.<I>In Italics</I> 
Output is In Italics 


<U>underline text : It underlines text appearing between <U> and </U> tag. 
e.g.<U>Underlined</U> 
Output is Underlined 


e <SUB> tag: It is subscript tag. The text enclosed in <SUB>and </SUB> is 
displayed in subscript form. This is useful in representation of mathematical 
formulae or chemical equations. 

e.g. H<SUB>2</sub>SO<SUB>4</SUB> 
output displayed as :H2SO, 


e <SUP> tag:- It is superscript tag. The text enclosed in <SUP>and </SUP> is 
displayed in superscript form. This is also useful in representation of 
mathematical formulae or chemical equations. . 

e.g. volume of sphere is=(4/3)(3.14)r<SUP>3</SUP> 
Output displayed as: volume of sphere is=(4/3)(3.14)r’ 


4.6 DEALING WITH URLS 
Hypertext Anchors 

URL stands for Uniform Resource Locator, which may represent an address 
of document on web or Internet or simply a path to a document in a specific directory. 
The World Wide Web uses Uniform Resource Locators (URLs) to specify the 
location of files on other servers. A URL includes the type of resource being accessed 
(e.g., Web, gopher, FTP), the address of the server, and the location of the file. The 
syntax is: | | . 
scheme://host. domain [:port]/path/ filename 

HTML provides you to jump from a link to any document or image or any 
local or WebPages by using special tag, called <a> i.e. Anchor tag. 
Syntax is: <A HREF=”URL”>name or image which can be treated as link</A> 
Thus anchor is a piece of text or some other object (e.g. image), which marks the 
beginning and/or the end of a hypertext link. The <A> element is used to mark that 
piece of text (or inline image), and to give its hyper textual relationship to other 
documents. The text between the opening and closing tags, <A attributes> ...text... 
</A> can act as start or destination (or both) of a link. The HREF attribute (which is 
actually optional) marks the anchor as the start of a link to another document of 
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resource (it could point, for example, to an image file), or to a particular place in 
another docuinent. 


| Syntax is: 

| <A HREF="URL (absolute or relative path)">anchor name </A> 

An absolute or parcial URL can specify the address of the referenced document: 
e.g. , : 

| 

: 


1) Link to a page on the World Wide Web. | 
<A HREF="http://www.yahoo.com">Enter your email-id</A> 


The string ~ Enter your email-id ' is a hypertext link to the website indicated by URL 
specified | , 


2) Link to an image by image as a link. 

<A HREF="image2.jpeg"> <IMG SRC="imagel.gif"> </A> 

The image “imagel.gif is a hypertext link to the image file located in the same 
directory This will allow you to use a small icon that links the user to a larger version 
of the same image. 


3) Link to document located in different directory 

<A HREF="d:\soft\a.html"> Click Here.</A> 

Here by clicking on Click Here link, destination page will be displayed which is 
specified in the path given. ei" 


4) Link to the same page(Links to a Particular Placein a Document) 
<P><A HREF="#samepage">This is link to the same page. </A></P> 
<A NAME="samepage"><H2>Yes You are in the same page.</H2></A> 
Particular places in an HTML document can be marked as_ specific 
destinations of hypertext links via the NAME attribute. Links to Specific Sections 
Anchors can also be used to move a reader to a particular section in a 
document (either the same or a different document) rather than to the top, which is the 
default. This type of an anchor is commonly called a named anchor because to create 
the links, you insert HTML names within the document. 


5) Links Between Sections of Different Documents 
Suppose you want to set a link from document A (fileA.html) to a specific section in . 


another document (fileB.html). 
Enter the HTML coding for a link to a named anchor: 


© fileA .html:-- 

<P> . | 

This is link ; ; ; 
<A HREF=" fileB.html #differentlink">referenced to a specific section </A> in 
different document. 
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Think of the characters after the hash (#) mark as a tab wii.un the fileB.html file 


This tab tells your browser what should be displayed at the top of the window when 
the link is activated. | 
e Next, create the named anchor (in this example 
"differentlink ") in fileB.html as: 
<H2><A NAME=" differentlink "> to a specific section </A></H2> 
With both of these elements in place, you can bring a reader directly to, “toa 
specific section” word in fileB.html 


Important Hint ma 
You cannot make links to specific sections within a different document unless 


either you have write permission to the coded source of that document or that 
document already contains in-document named anchors ~ 

Attributes for A and LINK :>The following are the attributes appropriate to 
either Anchor or LINK elements. The other attributes are less common, and can be 
omitted at an introductory reading. 

1. HREF (link to object) 

2. NAME (link from object 

3. TITLE (TITLE of document) : . 

4. METHODS (how to link -- this attribute has been dropped from the HTML 

specification, and should not be used) 


6) Link to Mail (Mailto) } 
You can make it easy for a reader to send electronic mail to a specific person or mail 
alias by including the mailto attribute in a hyperlink. 
Syntax is: 

<A HREF="mailto:emaiid@host">Name</A> . 


eg. . 
<A HREF="mailto:spc @ yahoo.co.in">Mail me</A> 


4.7 LISTS IN HTML | 
HTML supports ordered, unordered and definition lists. 


Different List Tags are: 
<OL> Defines an ordered list 
<UL> Defines An Unordered List 
<LI> Defines a list item 
<DL> _ Defines a definition list 
<DT> _ Defines a definition term 
<DD> __ Defines a definition description 
<DIR> Deprecated. Use <UL> instead 
<MEN> Deprecated. Use <UL> instead 
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1.Unordered Lists | 


An ace ine list is a list of items. The list items are marked with bullets 
(typically sma ack circles). To make an unnumbered, bulleted list, 
1. Start . re Opening list <UL> (for unnumbered list) tag Enter the <LI> (list 
item) tag followed by the individual item; no closing </LI> tag is needed 
2. End the entire list with a closing list </UL> tag ! 
Inside a list item you can put paragraphs, line breaks, images, links, other lists, 


etc. 
e.g. <HTML> 
<BODY> < oe 
<H4>This is Unordered List</H4>_ 
<UL type = "circle"> 
<LI>Sunday</LI> 
<LI>Monday</LI> 
<LI>Tuesday</LI> 
</UL> | 
</BODY> 
</HTML> 
so output given by browser is: 
This is Unordered List: 
e Sunday 
e Monday 
e Tuesday 


By specifying type attribute in the <UL> tag you can change shape of the bullet. 
The standard shapes provided are "disk", "circle", and "square" oe 


2.Ordered Lists oe 
An ordered list is also a list of items. The list items are marked with 


st also called an numbered is identical to an unnumbered list, 
except it uses <OL> instead of <UL>. Inside a list item you can put paragraphs, line’ 
lists, etc. You can specify style of numbering for the list 


breaks, images, links, other aa 
items by giving type attribute in <OL> tag and it can take values “I for uppercase 
roman, "i" for lower case romani, "A" for uppercase letters, "a" for lower case alpha 


numeric letter. The start attribute in <OL> tag is used to start the list from the 
required number. e.g. <OL start = "6"> will start the list items from number 6. 


&.g. <HTML> 
<BODY> 
<H4><B>This is a 
<OL type = "I> 
<LI>Sunday/L> 
<LI>Monday</LI> | 
<LI>TuesdayS/L> 
<OL> 


numbers. A ordered li 


n Ordered List</B></H4> 


ey GEG rth 8 ~ —_—_——_ 
</BODY> | 


</HTML> 
so output given by browser is: 


This is an Ordered List: 
i) Sunday 
ii) Monday 
ili) Tuesday 
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3.Definition Lists | 
A definition list is not a list of items. This is a 
the terms. A definition list starts with the <DL> tag. 
<DL>) usually consists of alternating a definition term 
definition description (coded as <DD>). Web _ browsers 
definition on a new line and indent it. 
e.g. 
<HTML> | 
<BODY> | 
<H4>This is a Deiinition List</H4> 
<DL> 
<DT>VB</DT> 
<DD>Programming Language</DD> 
<DT>VB SCRIPT</DT> 
<DD>Scripting Language </DD> 


list of terms and explanation of 
Thus a definition list (coded as | 
(coded as <DT>) anda 
generally format the 


</DL> 
</BODY> 
</HTML> 
so output given by browser is: 
This is a Definition List: 
VB , 
Programming Language 
VB SCRIPT ) 
Scripting Language ; oa 
Inside a definition-list definition (the <DD> tag) you can put paragraphs, line 
breaks, images, links, other lists, etc. ? 


4.Nested lists : 
Lists can be nested. You can also have a number of paragraphs, each containing 4 
nested list, in a single list item. 
e.g. 
<HTML> 
<BODY> 
<H4>This example of Nested List</H4> 


LR A AT = 
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<UL> 
<LI>Scripted Programming</LI> 
<LI>Structured Programming 
<UL> ; _ 
<LI>Basic</LI> 
: -<LI>Pascal</LI> 
| </UL> 
: </LI> : 
<LI>Object Oriented Languages</LI> 
</UL> 
</BODY> 
</HTML> 


AgC:\My Documents\a.html.- Microsoft Internet Explorer’ 


| eke 


Fie Eck ‘View Ge | Favorites 
Be pease. ent [ice 
» PL eBacs “Fonyatd= - « Stop*=* 


address) C:AMyDocuments\ahiml oes nee al 
This example of Nested List 


e Scripted Programming 
e Structured Programming 
o Basic 
o Pascal 
e Object Oriented Languages 


4.8 TABLES IN HTML 
The TABLE tag defines a table. Inside the TABLE tag, use the TR tag to define 


rows in the table, use the TH tag to define row or column headings, and use the TD 
tag to define table cells. The TABLE tag can also contain a CAPTION tag, which 
specifies the caption for the table you can specify the width of the border surrounding 
the table and the default background color of the table. (Individual rows and cells in 
the table can have their own background color.) You can use the CELLSPACING 
attribute to specify the distance between cells in the table and the CELLPADDING 
attribute to specify the distance between the border and content of every cell. If you 
specify the width and height of the table, the browser will do its best to make the table 
fit the specified dimensions, but in some cases this may not be possible. For example, 
if the table contains cells that contain non-wrapping long lines, the table may not fit in 


4 Specified width. 

Syntax : 

<TABLE 
ALIGN="LEFTIRIGHTICENTER" 
BGCOLOR="color" 
BORDER="value" 
CELLPADDING="value" 
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CELLSPACING="value" ee 
HEIGHT="height" 
| WIDTH="width" | 
COLS="numOfCols" 
HSPACE="horizMargin" | 7 
VSPACE="vertMargin" | | 
> 
| 
i 
4 


</TABLE> 

> Table Elements . . 

» <TABLE> ... </TABLE> defines a table in HTML. If the BORDER | 
attribute is present, your browser displays the table with a border 

» <CAPTION> ... </CAPTION> defines the caption for the title of the table. | 
The default position of the title is centered at the top of the table. The | 
attributes ALIGN=BOTTOM can be used to position the caption below | 
the table. . 

2 <TR>... </TR>~ specifies a table row within a table. You may define default | 
attributes for the entire row: ALIGN (LEFT, CENTER, RIGHT) and/or | 
VALIGN (TOP, MIDDLE, BOTTOM). 

« <TH> ... </TH> defines a table header cell. By default the text in this cell is 
bold and centered. Table header cells may contain other attributes to 
determine the characteristics of the cell and/or its contents. ee 

= <TD> ... </TD> defines a table data cell. By default the-text in this cell is | 
aligned left and centered vertically. Table data cells may contain other | 
attributes to determine the characteristics of the cell and/or its contents. 


> Table Attributes 
« ALIGN , 
Specifies the horizontal placement of the table. 
LEFT aligns the table on the left (the default). 
RIGHT aligns the table on the right. 
CENTER aligns the table in the center 


z BGCOLOR="color" 


sets the color.of the background for the table. This Sclbec can be overridden by 
a BGCOLOR tag in the TH, TR, or oe tags. 


& BORDER="value" indicates the thickness, in pixels, of the border to draw 
around the table. Give the value as an integer. no border. means value 0 


» CELLPADDING="value" 


determines the amount of space, in pixels, between the border of a cell and the 
contents of the cell. The default is 1. 
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» CELLSPACING="value" determin 
ree es the amount. of i i ; 
between individual cells in a table. The default is 2. a 


= HEIGHT="height" | 
specifies the height of the table. The default is the optimal height determined 
by the contents of each cell. Can be a number of pixels, or a percentage of the 
height of the page or parent element. 


= WIDTH="width" _ | . 
defines the width of the table. The default is the optimal width determined by 
the contents of each cell. Can be a number of pixels, or a percentage of the 
height of the page or parent element. 


= COLS="numberOfColumns" 
Indicates how many virtual columns of equal width fit in the width of the 
window. If the WIDTH attribute is supplied, the COLS attribute indicates how 
many virtual columns fit in the specified width. Suppose that the WIDTH 
attribute is "80%" and the COLS attribute is 4. In this case, each column takes 
up 20% of the width of the window. Note, however, that if the minimum 
width needed to display the contents of an actual column is greater than the 
width of a virtual column, then’the width of the column is expanded to fit its 


contents. 


«= HSPACE="horizontalMargin" 
Specifies the distance between the left an 


d right edges of the table and any 
surrounding content. | 


= VSPACE="verticalMargin" 
Specifies the distance between the to 


surrounding content. 
Similarly you can define Attributes within <TH> . 


p and bottom edges of the table and any 


.. </TH> or <TD>... </TD> 


cells as--- 
= ALIGN (LEFT, CENTER, RIGHT) Horizontal alignment of a cell. 
= VALIGN (TOP, MIDDLE, BOTTOM) Vertical alignment of a cell. 
= COLSPAN=n The number (n) of columns a cell spans. 
= ROWSPAN=n The number (n) of rows a cell spans. 
I ; : 
Beli fit e end tags. Although the end tags are 


1. TH, TD and TR should always hav 
formally optional, many browsers wil 
you omit the end tags. In particular, you shou 


have a TABLE within a html document. 


1 mess up the formatting of the table if 
Id always use end tags if you 
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2. A default TABLE has no borders. By default, tables are drawn without bordo, 
lines. Ycu need the BORDER attribute to draw the lines. 
3. By default, a table is flush with the left margin. Most current browsers als, 
supports table alignment, using the ALIGN attribute. Allowed values ar, 
"left", "right", or "center", for example: <TABLE ALIGN="left">. The value, 
"left" and "right" float the table to the left or right of the page, with text flow 
allowed around the table. | : 
4. Alignment atiributes on TD or TH attributes override those alignment, 
specified by the TR: | 
> VARIOUS TABLE EXAMPLES 
1.Table with no border and caption: 


<HTML> 
<BODY> 
<TABLE> 5 | 
<CAPTION>TABLE WITH NO BORDER</CAPTION> 
<TR> 

<TD>ABC</TD> 
<TD>XYZ</TD> 
<TD>PQR</TD> 

</TR> 

<TR> 
<TD>LMN</TD> 
<TD>DEF</TD> 
<TD>HYJ</TD> 

</TR> 

</TABLE> 
<BODY> 
<HTML> 
Output displayed by browser is: 
TABLE WITH NO BORDER 
ABC XYZ PQR 
LMN DEF HYJ 


2.Table with background color and image no border: 
<HTML> 
<BODY> 
<H4>A BACKGROUND COLOR:</H4> i 
<TABLE BORDER="1" BGCOLOR="BLUE"> 
_ <TR> : 

<TD>100</TD> 
<TD>200</TD> 
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<TD>300</FD> 
</TR> 
<H4>A BACKGROUND IMAGE:</H4> 
<TABLE BORDER="1" 
BACKGROUND=".C:\DESKTOP\XYZ.JPG"> 

<TR> ; 
<TD>SUNDAY</TD> 
<TD>MONDAY</TD> 

</TR> 

<TR> 
<TD>TUESDAY</TD> 
<TD>WEDNESSDAY<TD> 


</HTML> 
output displayed by browser iS: 
A Background Color: 


A Background Image: 
STN A RAN ee 
SUNDAw}.7| MIGini0 as tees 
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3.Table With Cell spacing 
<HTML> 


<BODY> 
<H4>WITHOUT CELLSPACING:</H4> 


<TABLE BORDER="1"> 
<TR> 
<TD>SUNDAY</TD> 
<TD>MONDAY</TD> 


</TR> 


<TR> 
<TD>WEDNES SDAY</TD> 
<T D>THURSDAY</T D> 


</TR> 


</TABLE> 
<H4> WITH CELLSPACING:</H4> 
<TABLE BORDER="1! " CELLSPACING="10"> 


<TR> 
<TD> SUNDAY</TD> 
<TD> MONDAY </TD> 
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</TR> 

<TR> 
<TD> WEDNESSDAY </TD> 
<TD> THURSDAY </TD> » 

</TR> 

</TABLE> 
</BODY> 
</HTML> 
so output displayed by browser i iS: 


WITHOUT CELL SPACING: 


SUNDAY __|MONDAY_| 
[WEDNESSDAY THURSDAY] 


WITH CELL SPACING: 


4.Table with cell padding 
<HTML> 
<BODY> 
<H4>WITHOUT CELLPADDING: </HA> 
<TABLE BORDER="1"> 
<TR> 
<TD>SUNDAY</TD> 
<ID>MONDAY</TD> 
</TR> 
<TR> 
' <TD>WEDNESSDAY</TD> 
<TD>THURSDAY</TD> 
</TR> 
</TABLE> 
<H4> WITH CELLSPADDING:</H4> 7 
<TABLE BORDER="1" CELLPADDING="20"> 
<TR> 
<TD> SUNDAY </TD> 
<TD> MONDAY </TD> 
</TR> 
<TR> 
<TD> WEDNESDAY </TD> 


HTML 147 
_--———rroooo—0— III 
<TD> THURSDAY </TD> | 
</TR> : 
</TABLE> . 
</BODY> 
</HTML> 
so output displayed by browser is: 


WITHOUT CELL PADDING: 


SUNDAY ONDAY 


WITH CELL PADDING: 


SUNDAY MONDAY  — 


WEDNESSDAY THURSDAY | 


5, Table showing use of colspan and rowspan. 
<HTML> | 


<BODY> | 
<H4>WITHOUT CELLPADDING:</H4> 


<TABLE BORDER="1"> 


<TR> 
<TD COLSPAN=2 ALIGN=CENTER>PRGRAMMING LANGUAGE</TD> 
</TR> 


<TR> . | 
<TD ROWSPAN=2>OBJECT ORIENTED LANGUAGE</TD> 
<TD>JAVA</TD> 

</TR> 


<TR> 
<TD>C++</TD> 


</TR> 


R> a 
<TD ROWSPAN=2>STRUCTURED LANGUAGE</TD> 
<TD>C</TD> | 

</TR> 


R> 
<TD>BASIC</TD> 


</TR> 
</TABLE> 
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</BODY> 
</HTML> 


SO output displayed by browser. is :-- 


PRGRAMMING LANGUAGE 


[TAVA | 
OBJECT ORIENTED LANGUAGE 


STRUCTURED LANGUAGE Ic __| 


4.9 IMAGES IN HTML 

The IMG tag specifies an image to be displayed in an HTML document. 

An image can be a plain image that simply appears on the page. An image 
can be embedded in an <A HREF> tag so that the user can click it to open a URL. An 
image can also be an image map, which has multiple clickable areas that each link 
to different URLS. The HEIGHT and WIDTH attributes indicate the dimensions of 
the image. If you specify these attributes, Navigator uses them to reserve a place for 
the image on the page and continues loading any text and other page elements instead 
of waiting for the image to load. Most Web browsers can display inline images (that 
is, images next to text) 

Images can be in the following types of formats: 
e GIF (Graphics Interchange Format) 
e JPEG (Joint Photographic Experts Group) 
e XPM (X PixMap) | 
e XBM (X Bitmap) 


Syntax 

<IMG 
SRC="location" 
ALT="alterntiveText" 
ALIGN="alignment" 
BORDER="borderWidth" 
HEIGHT="height" 
WIDTH="width" 
HSPACE="horizMargin" 
VSPACE="verticalMargin" 

> 

The SRC attribute is compulsory 

SRC="location(URL)" 


specifies the URL of the image to be displayed in the document 
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ALT="alternativeText" 


specifies text to be displayed if the browser does not support the IMG 
tag or if the user has suspended image loading in the browser. 


ALIGN | 
specifies the alignment of the image in relation to the surrounding text. If you do not 
specify a value for ALIGN, browser uses BOTTOM as the default LEFT aligns an 
image with the left margin. | 

= RIGHT aligns an image with the right margin. 


» TOP aligns the top of an image with the top of the tallest item in the current 
line. : 

«= TEXTTOP aligns the top of an image with the top of the tallest text in the 
current line. . . 

= MIDDLE aligns the middle of the image with the baseline of the text in the. 
current line. | | 

= BASELINE aligns the bottom of an image with the baseline of the text in the 
current line. : : 


«= BOTTOM is the same as BASELINE. 


BORDER="borderWidth" | 
Specifies the width, in pixels, of a border around the image. The value must 


be an integer. 


HEIGHT="height" | | 
Specifies the height of the image, either in pixels or as a percentage of the 


height of the window, frame, or positioned block of HTML that contains the image. 
To indicate a number of pixels specify the value as an integer, for example, "100". To 
indicate a percentage, specify the value as an integer followed by the percentage sign, 


for example "20%”’. ’ 


WIDTH="width" ee | 
Specifies the width of the image either in pixels or as a percentage of the © 


window, frame, or positioned block of HTML containing the image. To indicate a 
he value as an integer, for example, "100". To indicate a 


number of pixels specify t 
percentage, specify the value as an integer followed by the percentage sign, for 


example, "20%". 
HSPACE="horizMargin" : 

Specifies a margin in pixels between the left and right edges of the image and 
surrounding text and images. Give the value as an integer 


© 


reer 
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VSPACE="verticalMargin" . me. 
Specifies a margin in pixels between the top and bottom edges of age 
and surrounding text and images. Give the value as an integer. 


> Dummy Images *. 2 
When i <IMG SRC> tag points to an image that does not ae has oe 

‘mage. When this happens during your final review 0 

software substitutes a dummy imag See harthe ype 


ir does in 
your files, make sure that the referenced image ad : 
has the correct information in the URL, and that the file permission 1S set 


appropriately. 
- External Images, Sounds, and Animations 

| You may want to have an image open as a separate document when a user 
activates a link on either a word or a smaller, inline version of the image included in 
your document. This is called an-external image, and it is useful if you do not wish to 
slow down the loading of the main document with large inline images. 


To include a reference to an external image: 
<A HREF="ExtImg.gif'>text or link</A> 


You can also use a smaller image as a link to a larger image : 


<A HREF="Biglmage.gif'><IMG SRC="Snialllmage. gif'></A> 
The reader sees the SmallImage.gif image and clicks on it to open the BigrImage.gif 


file. 
ounds. The 


You can use the same syntax for links to external animations and s 
only difference is the file extension of the linked file like: 


<A HREF="K3GtheFilm.mov">link anchor</A> 
specifies a link to a QuickTime movie. Some common file types and their extensions 


are: 
1) plain text :-- . txt 
2) HTML document :-- .html 
3) GIF image :-- gif 


4) X Bitmap image :-- .xbm 
5) JPEG image i-- jpg or .jpeg 


6) AlFF sound file :--_ .aiff 
7) AU sound file :-- .au 
8) WAV sound file :-- .wav 
9) QuickTime movie ‘-- .mov 


10) MPEG movie ‘-- .mpeg or .mpg 
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> Examples 
. Inserting Image as an background: | : 
Newer Nee sions of Web browsers can load an image and use it as a background when 
displaying a page. Some people like background images and some don't. In general, if 
you want to include a background, make sure your text can be read easily when 
displayed on top of the image. 
Background images can be a texture (linen finished paper, for example) or an image 
of an object (a logo possibly). You create the background image as you do any image. . 
<HTML> , 
<BODY BACKGROUND="background Image.jpg"> — | 
ieiwtease text within a body 
</BODY> 
</HTML> 


Both gif and jpg files can be used as HTML backgrounds. © 
If the image is smaller than the page, the image will repeat itself. 


« Different sized images: 
<HTML> 
<BODY> : 
<P> * :. 
<IMG SRC="c:\MyDoc\bulb.gif" width="12" height="20"> 
<P> 


<IMG SRC="c:\MyDoc\bulb.gif" width="50" height="70"> 
</BODY> 
</HTML> . 
so output displayed by browser will be: 


OS. 36: om 
. , on 


Thus 96 can make a picture larger or smaller changing. the values in the 


HEIGHT" and "WIDTH" attributes of the img tag. 
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" Images from different location: 

You can insert images from different locations either from web or fro 
different directories on your local machine>Here you have to give the full path to Ste 
attribute, where image lies. 
<HTML> 

<BODY> 
<P> , 
Image from local disk,but different directory... 
<IMG'S RC="c:\MyDoc\vk\images\bulb. gif> 
</P> 
<P> ; 
Image from net... 
<IMG SRC="http://www.yahoo.com/Logo. gif" WIDTH="73" 
HEIGHT="68"> 
</P> 
</BODY> 
</HTML> 


" Image asa link: 
You can have image as a link to some other image or document. 
<HTML> ; | 


<BODY> ae 
Click on Icon. gif file to get your destination document. 
<A HREF="DestinationPage.htm"> 
<IMG BORDER="0" SRC="ICONT.GIF" WIDTH="20" HEIGHT="38"> 
</A> ‘a | | 
<P> 
Click on Logo.gif file to get resultant image you want...... 
<A HREF="ResultantImage.jpg"> 
<IMG BORDER="0" SRC="ICONT,GIEF" WIDTH="20" HEIGHT="38"> 
</A> 
</BODY> 
</HTML> 


= Alternate text: 


Text-only browsers wil] only display the text in the "alt" attribute, which is 
"This is Alternative Text".(in this example) or Some World Wide Web browsers such 
as Lynx (text only browser) cannot display images. Some users turn off image 
loading even if their software can display images (especially if they are using a 
modem or have a slow connection). HTML provides a mechanism to tell] readers what 
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they are missing ON your pages if they can't load images The ALT attribute lets you 


specify text to be displayed instead of an image. Note that if you hold the mouse 
pointer over the image it will display the text called tool tip. 


<HTML> 
<BODY> 
<IMG SRC="ICON.GIF" ALT=" This Is Alternative Text " WIDTH="30" 
HEIGHT="30"> | | a 
</BODY> 
</HTML> 


= Images without Text 3 
To display an image without any associated text (e.g., your organization's 
logo), make it a separate paragraph. Use the paragraph ALIGN= attribute to center 
the image or adjust it to the right side of the window | 


<HTML> 
<BODY> 
<P ALIGN=CENTER> 
<IMG SRC = "ICON.GIF" ALT="NOTEXT"> 
</P> : 
</BODY> 
</HTML> | 


4.10 HTML SCRIPTS 


HTML pages with scripts are used to make them more dynamic and interactive. 


> VBScript 

Microsoft Visual Basic Scripting Edition brings active scripting to a wide 
variety of environments, including Web client scripting in Microsoft Internet 
Explorer and Web server scripting in Microsoft Internet Information Service. 


Easy to Use and Learn | ' : ; 
“If you already know Visual Basic or Visual Basic for Applications (VBA), 


VBScript will be very familiar. Even if you do not know Visual Basic, once you learn 
VBScript, you are on your way to programming with the whole family of Visual 
Basic languages. VBScript is integrated with World Wide Web browsers. VBScript 
and Windows Script can also be used as a general scripting language in other 


applications. 


VBScript talks to host applications using Windows Script. With Windows 
r host applications do not require special integration code 


Script, browsers and othe : , ; 
for each scripting component. Windows Script enables a host to compile scripts, 
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obtain and call entry points, and manage the namespace available to the developer, 
With Windows Script, language vendors can create standard language run times for 
scripting. Microsoft will provide run-time support for VBScript 


= Insert a Script into HTML Page 
A script in HTML is defined with the <script> tag. Note that you will have to 
use the type attribute to specify the scripting language | 
e.g. 
<HTML> 
<HEAD> 
<TITLES>JAVA SCRIPT</TITLE> 
</HEAD> ! | 
<BODY> 
<SCRIPT TYPE="text/javascript"> 
document.write("Hello World!") 
</SCRIPT> 
</BODY> 
</HTML> 


The script above will produce this output: 
Hello World! | 


A new browser will understand that the script should be executed, even if comment 
tags surround it. 


> Various tags in VB script 
" The <NOSCRIPT> Tag | 

In addition to hiding the script inside a comment, you can also .add.a 
<noscript> tag. : | . | , 

The <noscript> tag is used to define an alternate text if a script is NOT _ 
executed. This tag is used for browsers that recognize the <script> tag, but does not 
support the script inside, so this browser will display the text inside the <noscript> tag 
instead. However, if a browser supports the Script inside the <script> tag it will ignore 
the <noscript> tag. | 


e.g, 

<SCRIPT TYPE="text/vbscript"> 
<!-- 

document.write("Hello World!") 
--> 

</SCRIPT> 


<NOSCRIPT>Y our Browser Does Not Support Vbscript!</NOSCRIPT> 


_— 
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» Script Tags: 


VBScript code is written within paired <SCRIPT> tags. For example, a 
procedure to test a delivery date might appear as follows: | 
<SCRIPT LANGUAGE="VBScript"> 
<!-- 

Function CanDeliver(Dt) a 
CanDeliver = (CDate(Dt) - Now()) > 2 
End Function | 
--> 
</SCRIPT> 

Beginning and ending <SCRIPT> tags surround the code. The LANGUAGE 
attribute indicates the scripting language. You must specify the language because 
browsers can use other scripting languages. Notice that the Can Deliver function is 
embedded in comment tags (<!— and —>). This prevents browsers that don't 
understand the <SCRIPT> tag from displaying the code. 

You can use SCRIPT blocks anywhere in an HTML page. You can put them 
in both the BODY and HEAD sections. However, you will probably want to put all 
general-purpose scripting code in the HEAD section in order to keep all the code 
together. Keeping your code in the HEAD section ensures that all code is read and 
decoded before it is called from within the BODY section. | 

One notable exception to this rule is that you may want to provide inline 
scripting code within forms to respond to the events of objects in your form. For 
example, you can embed scripting code to respond to a button click in a form: 


<HTML> 

<HEAD> 

<TITLE>Test Button Events</T ITLE> 
</HEAD> 
<BODY> 


<FORM NAME="Form1"> he 
<INPUT TYPE="Button" NAME="Button1 VALUE="Click"> | 
<SCRIPT FOR="Button1" EVENT="onClick" LANGUAGE="VBScript"> 


MsgBox "Button Pressed!" 
</SCRIPT> 
</FORM> 
</BODY> 
YHTML> 


<SCRIPT> :-- Defines A Script 
| <NOSCRIPT> a Defines An Alternate Text If The Script Is Not Executed 
<OBJECT> :-- Defines An Embedded Object 3 
<PARAM>_ :-- Defines Run-Time Settings (Parameters) For An Object 
: <APPLET>  :-- Deprecated. Use <object> 
The <SCRIPT> Tag 
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Most of your code will appear in either Sub or Function procedures and wil] 
be called only when specified by your code. However, you can write VBScript code 
outside procedures, but still within a SCRIPT block. This code is executed only Once, 


when the HTML page loads. This allows you to initialize data or dynamically change 
the look of your Web page when it loads. | 


e.g Random number generator using VB Script 


(Specimen paper) 
<% @ LANGUAGE="VBSCRIPT" %> 
<% 
x=0 
y=0 
dim xarr(9) © 
Do While x < 10 
Randomize. 
Myval= Int((100 * Rnd) + 1) 
Y=0 
For y=0 to 9 | 
If MyVal = xarray(y) then 
Match = True 
Exit for 
Else 
Match = False 
End If 
Next 
If Match = False then 
xarray(x) = MyVal 
x=x+1 
End If 
Loop 
%> 
<HTML> 
<BODY> 
<TITLE>RANDOM GENERATOR</TITLE> 
<%x=0'for x=0 to 9%> : | 
.< P><Zoresponse. write(x+1)%>) &nbsp;<%response. write(xarray(x))%> </P> 
<%'next%> | 3 


</BODY> 
</HTML> 
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SOLVED EXAMPLES 
1) Write HTML code to display a Message using different Font attributes. 
<HTML> > | 
<HEAD> . 
<TITLE> HTML Document </TITLE> 
</HEAD> 7 . 
<BODY><FONT SIZE="7" face="Comic Sans MS">This is font size 7 with comic 
sans ms font</FONT> 
<p><FONT SIZE="5" COLOR="red">This is red colored text with font size 
5</FONT></p> pee 
</BODY> 
</HTML> 
Output is: 


eee 


aa a NS 
J Beck Fonvard <2 2 Stop 
Address {@) DAONine\him! files\fonthtml 


This is font size 7 with comic 
sans ms font — 


This is red colored text with font size 5 


ML code to explain Different levels of headings with different 


2) Write HT 
alignments. 
<HTML> 
<HEAD> 
<TITLE>Headings </TITLE> 

</HEAD> 

<BODY> | : , 

<H1 align="left">First level left aligned Heading</H1> 

<H2 ali gn="center">Second Level center aligned heading</H2> 

<H3 align="center">Third level center aligned heading</H3> 

<H4 align="right">Fourth level right aligned heading</H4> 

<HS align="right">Fifth level right aligned heading </H5> 

<H6 align="left">Sixth level left aligned heading</H6> | 
</BODY> | . 
</HTML> , 


s$ (a) D Ohne e\heedngs hind | 


First level left aligned Heading 


Second Level center aligned heading 


Third level center aligned heading | 


3) Write HTML code to explain Different Lists in Html, 
<HTML> 


<HEAD> 

<TITLE> lists </TITLE> 

</HEAD> ; 

<BODY BGCOLOR="#FFFFFF"> 

<H3>Sample of Unordered lists</H3> 

<UL type="disc"> | | 
<LI>HI : 
<LI>HELLO 

</UL> 

<H3>Sample of Ordered lists</H3> 

<OL type="A" start=3> 
<LI>WELCOME 
<LIS>-NAMASKAR 

</OL> 

<H3>Sample of Definition lists</H3> 

<DL> 
<DT>HTML 


<DD>HYPER TEXT MARKUP LANGUAGE 
<DT>URL 


<DD>UNIFORM RESOURCE mere Or 
</DL></BODY> 


</HTML> 
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Output is: | 


lists - Microsoft internet Explorer © 
|| Eile E Edit _Miew Favorites Tools. ‘Help 


At ie ay Te a 


_ Stop. : _Retiesh <Home aes 


EE a 
a ta ek nt 


Sample of Unordered lists 


e HI 
e HELLO 


Sample of Ordered lists 


C. WELCOME 
D. NAMASKAR 


Sainple of Definition lists 


HYPER TEXT MARKUP LANGUAGE 


_ UNIFORM RESOURCE LOCATOR | eens = 


(March 2002) 


_ <HTML> 
<BODY> 
<TABLE BORDER> 


— nn 
<TH ROWSPANS"2" COLSPAN= 2"> 


<TH COLSPAN="3">YEAR 


R> 
<TH>1998 
| <TH>1999 
: <TH>2000 
| </TR> 


| ou <TH ROWSPAN="2">SALES 

| <TH>UNITS 
<TD>500 

| <TD>400 
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<TD>1000 
</TR> 
<TR> 
<TH>INCOME 
<TD>1000 
<TD>800 
<TD>2000 
</TR> 
</TABLE> 
</BODY> 
<HTML> 
5) Write the exact output of the following HTML code with font specifications j 
brackets: ~ (March 2002) 
<HTML> 
<BODY> | 


<H1> LIST OF BOOKS </H1> <HR> 
<UL TYPE = "CIRCLE"> 
<LI> How to solve it By computer 
<LI> HTML in Easy Steps 
<LI> C++ Programming 
YUL> Secee 
<OL type = "A"> 
<LI> Microprocessor Programming 
<LI> Networking Essentials 
<LI> Microcontrollers 
</OL> . 
</BODY> 
</HTML> 


Output given by browser is: 
List of books (text size hl) 
e How to solve it By computer 
e HTML in Easy steps 
e C ++ Programming 


A. Microprocessor Programming | 
B. Networking Essentials 
C. Micro Controllers 


_ ele Ed ee 
QUESTIONS 


_ Select the correct alternatives: 


1) The___tag contains general information,or meta-information,about the document. 
a) <HEAD> b) <MARQUEE> c) <TITLE> d)<BODY> 
2) The block-level elements contain | tag. ; 
a) <PRE> b) <BODY> c) <MARQUEE> d)<HTML> 
Attribute is used for setting color for visited hyperlinks “ 
a) VLINK b)LINK c)HLINK | ~ 
4)___——Sss—CCs Specifies the distance between the left and right edges of the table and 
any surrounding content. 
a) CELLSPACING b)CELLPADDING c)HSPACE 4d)VSPACE 
5)A tag, specifies the title for the table 
a) CAPTION b)TITLE c)HEAD 
6) In type of list, list items are marked with bullets. 
a) ORDERED  b)DEFINITION c) NESTED d)UNORDERED | 
7) attribute in the body tag specify an image file to use as a background. 
a) BGCOLOR b) BACKGROUND c)BGIMAGAE d) BACKGROUNDIMG | 
8) <a> tag has attribute which defines URL of the document to be linked. 


a)SRC b)HREF c)VREF d)REF 


3) 


9) Bulleted list in HTML is created by ___ tag. | (March 2019) | 
a) <UL>, b) <OL>, c) <B>, d) <BR> , : 
10) HREF attribute in <A>tag stands for___.__ (March 2002) — 


a) Horizontal reference b)Hypertext reference 

c)Hyperlink reference d)Hypermedia reference 
11) To place the image into an HTML file ___ attribute is used in IMG tag. 

a) < URL >, b) < ALT >, c), < SRC >, d) < HREF> (March 2007) — 
12)_—__tag is used to put a line break in HTML code. (March 2003,2017) 


a)<HR> b) <BR> c) <P> d)<TR> 
13) <A> tag has attribute __ which defines URL of the document to be linked. 


a)SRC  b) HREF c) VREF 4) REF (March 2008) 
14) BORDER is attribute used in tag of HTML. (March 2016) 
a) < PRE >, b) < ADDRESS >, c), < TABLE >, d) < CAPTION> 


1 ___ tag is used to create a row in table. (March 2020) 


a) <tdS b) <th> c) <tr> d) <tt> 
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11) 


12) 


13) 


14) 
15) 


16) 
17) 
18) 
19) 
20) 


me 


What is HTML? Staic advantages and disadvantages of HTML. (Oct.2003) 
What is ALT attribute? Why it is used? 
Explain cellspacing, cellpadding, colspan and rowspan attributes. 
How can you include image as an background and as an hyperlink? Explain | 
giving examples? 
With syntax diagram explain the structure of html webpage. (March 2017) 
What are comments in HTML? Why they are required? 
How can you have a link to a image by having image as a link? 
Explain with example Nested lists in HTML. 
Explain the following HTML tags with one example of each: 
i) <PRE>, ii) <SUP>, iii) <MARQUEE> ~ (Mar.2004) 
Explain the use of following HTML tags with example: (Mar.2005) 
i)<OL> iii) <TR> iii) <B> | 


Explain the following HTML tags with one example of each: (Mar.2007) 


1) <P> ii) <LI> iil) <PRE> 
Explain the following HTML tags with one example of each: (Mar.2008) 
i) <MARQUEE> ii) <SUB> iti) <BODY> 


‘What is character formatting in HTML? 

Explain following tags with example: | : 
<sup> <marquee>. <hr><br> <p> _ <script> (March 2002) 
What are types of iist? Explain with the example : 
What is script? Why it is required? 

Explain changing color scheme of web pages. | 

Write advantages and disadvantages of HTML. (March 2019) 
Explain general structure of HTML page. (March 2020) 


> Write HTML code to do following:- 
1.Write HTML code to do following.:-- 


a) Give title to your web page as “Exam”. | 

b) Include background color as pink and text in green colour. Have a different 
font for page title and contents of the page. 

c) Have a hyperlink to different page having url as “Result1.htm” 

d) The resultant web page of this hyperlink should contain scrolling text as “All 

THE BEST” in bold, italic and black color and light blue as a background color. 


2. Write HTML code to do following.:-- 


a) Give title to your web page as “TUTORIAL”. 
b) Include background color as light blue and 
‘ c) Text in red color. . 
d) Have a image “IMAGE.JPG” as an hyperlink. 
¢) The resultant web page of this hyperlink should contain scrolling 
text as”Best Of Luck” in bold, italic and green color. And 
“IMGNEW.JPG” image as the background of the page. 
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3, Write HTML code for following. :--- 
Collge Name:S.P.College. 


Here Admission data. Should be the scrolling text. 
. Collge Name:S.P.College should be in bold, italics and in red color. 
It should be hyper linked with th page containing college information. 


4.Write HTML code for following.:--- 
Collge Name:Cummins Colleg 


Where image “LOGO.JPG” is shown as: _ Cccoew > 


5. Write HTML code to do following: 


Todays Special:--- 


Domino's) [Without toppings 
Mashroom PavBhaji Rs.40._ 
7 Cheese PavBhaji Rs.42. (WithButter) 
PavBhaj ee a ce 


6. Write the HTML code for the following | 
on es Pa 2001 
— pas] 300 750 _f _1.200 


ee ee Rs. 3,000 Rs. 7,500 |° Rs. 12,60 
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7. Write a the HTML code 


for the following: 


(Mar.2006) 


8. Write the exact output of the following HTML code with font specification in 
brackets: | 


} . (Mar.2006) 
<HTML> ; | 


<TITLE> Introduction </TITLE> — 
<BODY> 


<HI> <B> Computer Science </B></H1> 
<HR> 


' <U> E Balaguru Samy </U> 

 <ii4> Achut S Godbole </H4> 
<BODY> . 
</HTML> 


9. Write the HTML code for the following table. (Mar.2008) 


Income 


Answers Q. (1) 
1) <HEAD>, 2) <BODY>, 3) VLINK, 4) HSPACE, 5) UNORDERED, 
6) BACKGROUND, 7) HREF,8) Uniform Resource Locator, 


9) <UL> 10))<BR> 11) < SRC >12) <BR> 13) HREF 
14) <TABLE> 15) <tr> 
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PAPER-I 
PRACTICALS 


INTRODUCTION 


The students offering this vocational Computer Science (D9) course are expected to 
be more perfect in practical. The course is more practical, and work experience 
oriented. The syllabus is arranged keeping in view that after completing this course, 
the candidate can write simple programs in assembly language, C++ and Visual Basic 
HTML code as well as execute the programs independently. This course would be 
definitely helpful with additional advantage to the students. who will go for higher 
education i.e. Diploma and Degree course. 

All practical for S.Y.J.C. Computer Science course are based on C++, HTML and VB 
for Paper-I and an assembly level language programming of 8085 for Paper-II. In this 
part of the book, guidelines for performing practical, scheme of examination, marks 
distribution, and other information are discussed. | 

( Note : For paper-II an instruction set with Opcode chart, ASCII chart are provided.) 


Scheme of Examination 

e The time duration for theory and practical examination is 3 Hours for each paper. | 

e During the examination, candidate has to perform only one experiment from those 
experiments, which have been conducted during the year. . 

© The term work 40 marks will be given by the internal teacher on the basis of 
performance of the student and the journal competed during the year. 


HINTS FOR PRACTICAL (PAPER-D) 
A) C++ Programming SLs | ap apd 

1) Write down problem statement on your answer paper. — | 

2) Try to analyse the problem and implement it in stepwise/algorithmic format. 
(need not draw algorithm/flowchart in answer paper) 

3) Accordingly write C++ program. 

4) Paper trace the program and try to find the output of it. 

5) Code the C++ program in PC you can use VC++ editor or standard tcc (C++ 
IDE) editor 

6) Save the file as filename {CPP , 

7) Include all the standard library files (e.g. string.h, io.h, etc) in your program. 

8) Compile the program. If it contains any syntactical errors like missing 
semicolon, use keyword for declaring variables, etc., try to remove them. 

9) After removing all the errors, run the program. If you are still not getting the 
required output, your program may contain logical errors. So use Debug 
utility for stepwise debugging of the program. — 

10) Finally run the program and take Hard copy of it. 
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B) HTML . 
1) Write HTML code in Notepad (or any standard text editor) if you are using 
windows operating system 
2) Save that file.as filename HTML , ; 
3) Open the same file through web browser loaded on your machine. (in Internet 
Explorer) 7 | 
4) Output HTML file is interpreted by the browser ae | 
5) If you make changes in source code (HTML) file, and see the output for this 
: change code, click on Refresh button in browser’s window. 


C) VISUAL BASIC : | eed res. 
1) Read the problem statement and analyse visual design (i.e. which controls are 


to be used) and associated event procedures that forms coding part. 
2) Using VB create a new project. a aan | 
a) First draw design-using- controls on form and then write code in code 
window 7 
_b) Run the project 
3) Extension for form file is -ftm and for project .vbp 


4) During run mode you may get some errors. 


Correct it and execute again use 
watch facility. 


3) Indentations in a program helps you to figure out the mi 
of { } brackets in a loop; so indent your program. 


riables that you use in your program is must. 

5) Give necessary comments (especially for complex logic) whenever necessary. 
After successful running of program you can remove them. 

6) If you use standard library functions like clrscr(),. getch(), by seeing the help 
(ctrl+Flin C++ IDE editor) include required header files in your program, | 

7) Incase of HTML indent your code. Give tags whenever necessary. 

8) The order of nested tags should be proper. — 


9) If you have included -image/document to be linked with some part of your 
document, give the whole path. : 


stakes in mismatching 
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C++ PROGRAMMING P 
Slip No.1.SWAPING RACTICALS 
Write a function in C++ that exchanges data (passing by aay using 


swap function to interchange the given two numbers. 
| #include<iostream. h> 


#include<conio.h> 
//clrscr(); 

void swap(float &x,float &y) 
{ : 
float t=x; 
x=Y;7 

y=ti 


} 

void main() 

{void swap(float &,float &); 
float a,b; 

cin>>a>>b; 
cout<<"a="<<a<<"b="<<b<<endl 


swap (a,b); 
cout<<"a=" <<a<< "b= "eebe <endl; 


} 


Output: 

ys 

4 

a=2b=4 

x=4y=2 

a=4b=2 | 

Press any key to continue 


Slip No.3 BINARY SEARCH 
Write a program in C++ that first initialise an array of given 10-sorted real 


numbers. The program must verify whether a given element belongs this array or not, 
using Binary Search technique. The element (to be searched) is to be entered at the 
time of execution. If the number is found, the program should print its position in the 
array otherwise it should print, "The number is not found." 


#include<iostream.h> 
#include<conio.h> 
#Hinclude<stdlib.h> 
void main() 


float a[10],PF 
int i,top,bot,mid; 
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cout<<"Type the number in ascending order"<<"\n"; 
for (i=0;i<10;i++) {cin>>a[i];} 

top=0;bot=9; 

cout<<"Type the no you want to search \n"; 
Cin>>p; 

mid=(top+bot) /2; 

while ((top<=bot) &&(a[mid] ! =p) ) 

{ 


if (p<a[mid] ) 
bot=mid-1; 
else 
top=mid+1; 


mid=(top+bot) /2; 


if(a[mid]==p) 
{ 


cout<<"The number is at 
position"<<(mid+1)<<"\n"; 


} 
else 


Cout<<"the number is not found\n"; 
} 


Output 
Type the number in ascending order 


CONNN RW Km 


m= \O 
cn) 


Type the no you want to search 
7 


The number is at position7 
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Slir No.7 RATIO AND RECIPROCAL 


Write a program in C++ with a ratio class using member functions like assign 
() function to initialize its member data integer numerator and denominator), convert( 
) function to convert the ratio into double, invert () function to get the inverse of the 
ratio and print ( ) function to print the ratio and its reciprocal. 


#include<iostream.h> 
class ratio 
{public: 
void assign(int,int); 
double convert(); 
void invert(); 
void print (); 
private: 

int num ,den; 


3 
- void main() 
| {ratio x; 
_ x.assign(22,7); 
 cout<<"x="; 
x.print () ; 
cout<<"="<<x.convert()<<"\n";_ 
_ x*.invert(); 
- cout<<"1/x=";x.print(); 
-  cout<<"\n"; 
} 


| void ratio: :assign(int numerator,int denominator) 


{ 


num=numerator; 
den=denominator; 


} 
double ratio::convert () 
{ 
return double ( (num) /den) ; 
} 


void ratio::invert() 
{int temp=num; 
num=den; 

den=temp; 

} 

void ratio: :print() 
{cout<<num<<"/"<<den; 


} 


>, 
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X=22/7=3 
1/x=7/22 
Press any key to continue 


Slip No.8 CIRCLE AREA a . 

Implement a circle class in C++. Each object of this will represent a circle, 
storing its radius and X and Y co-ordinates of its centers as floats. Include a defay} 
constructor, access functions, an area and circumference of the circle. 


#include<iostreamo.h> 
#include<conio.h> 
class circle 
{ private: 
float x,y,r; 
float areal,circum; 
public: 
void assign(); 
void area(); 
void circumf () ; 
‘void print(); 


}3 

void circle: :assign() 

{cout<<"type the x & yco-ordinates of the centre 
\n" 7 ; 

Cin>>x>>y; 

cout<<"type the radius"; 

Cin>>sr; - 

} 


void circle: :area() 
{areal=3.14*r*y;} 
void circle: :circumf () 


{ | 
‘Circum=2*3,14*r; 

} 

void circle: :print() 

{ . 
cout<<"x,y co-ordinate HN<<X<<"\t"<cy<cendl; 
cout<<"the radius is"<<r<<endl; 
cout<<"the area is"<<areal<<endl; 

’ cout<<"the circumference is"<<circum<<end1; 


void main() 
{clrscr(); 
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circle cil; 
cl.assign(); 
cl.area(); 
c1.circumf (); 
Sel .princ()s 
} 
Output: 
type the x & y co-ordinates of the center 
2 
l 
type the radius2. 
x,y co-ordinate =2 = 1 
the radius is2 
the area is12.56 | 
the circumference is12.56 Press any key to continue 


Slip No.9 OBJECT IS BORN 

Write a program in C++ that initialises a Ratio class with no parameters, as a 
default constructor the program must print the message "OBJECT IS BORN" during 
initialisation. It should display the message "NOW X IS ALIVE", When the first 
member function Ratio x is called. The program must display "OBJECT DIES" when 
the class destructor is called for the object when it reached the end of its scope. 


#include<iostream.h> 
class ratio 
{ 
public: 
ratio() 
{cout<<"object is born\n";} 
~ratio() 
{cout<<"object dies \n";} 
private: 
int num,den; 
3 
void main() 
{ratio x; 
cout<<"now x is alive \n"; 
cout<< "at end of program \n"; 


} 


Output: 

object is born 
now x is alive 

at end of program 
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object dies 
Press any key to continue 


Slip No.10 COMPLEX NUMBER AND SUM © 
Write a program in C++ with a complex constructor to add the given two 


complex numbers. The program should print the given complex number and their 
sum. 


#include<iostream.h> 
class complex{ 
float x,y; 
public: 
complex () {} 
complex(float real, float img) 
{x=real;y=img; . 
} 
complex operator+ (complex) ; 
void display (void) ; 
}; 
complex complex: :operator +(complex c) 
{complex t; 
t.X=X+C.x;3. 
t.y=y+c.y; 
return(t); 


}; 
void complex: :display (void) 
{ 

cout<<x<<"4+j"<<y<<"\n"; 
} 


void main() 

{complex c1,c2,c3; 
cl=complex(2.5,3.5); 
c2=complex(1.6,2.7); 
C3=c1+c2; 
cout<<"cl=";c1.display() ; 
cout<<"c2=";c2.display(); 


cout<<"c3=";c3.display(); 
} 


Output: 
C1=2.54j3.5 : 
c2=1.6+j2.7 
c3=4.1+j6.2 
Press any key to continue 
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| Slip No. 11 ADDITION AND DIVISION OPERATOR. 

Write a program in C++ to implement the addition and division operator for 
the ratio class. Hence print the given two ratios x& y, their sum(x +y) and 
division(x/y); 


#include<iostream.h> 
class ratio 
{float x,Y; 
public: 
ratio() {} 
ratio(float p,float q) 
{x=p7 
y=qG; 
} 
ratio operator + (ratio); 
ratio operator / (ratio); 
void display (void) ; 
}; 
ratio ratio::operator +(ratio ¢) 
{ratio t; 
t.X=X+C.X; 
t.y=ytc.y; 
return (t) ; 
} 
ratio ratio::operator / (ratio c) 
{ratio t; 
t.X=x/c.xX; 
t.y=y/c.y; 
return(t) ; 


} 


void ratio:: display (void) 
{cout<<"x=H"<<x<<"\t"<<"y="<<yi7 


} 


void main() 

{ratio r1,r2,r3,r4; 
rl=ratio(2.5,3.5)3 
r2=ratio(1.6,2.9);3 

r3=r1+r2; 

r4=r1/r2; 

Cout<<"ri=";r1.display() ;cout<<"\n"; 
cout<<"r2=";r2.display() ;cout<<"\n"; 
cout<<"r3=";r3.display() ;cout<<"\n"; 
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cout<<"r4d=";r4.display(); 


} 


Output: | 
pl=x=2.5 y=3.5 
12=x=1.6 y=2.9 
r3=x=4.] y=6.4 
r4=x=1.5625 y=1.2069Press any key to continue 


Slip No.12 CLASS HIERARCHY 
a) Write a program in C++ to implement the following class hierarchy; Class 
student to obtain Roll Number, Class Test to obtain marks scored in two 
different subjects, Class sports to obtain weightage (marks) in sports and Class 
Result to calculate the marks. The program must print the roll number, 
individual marks obtained in two subject, sports and total marks. 


#include<iostream.h> 
class student 
{ 
int roll_no; 
public: 
void get_no(int a){ 
roll_no=a; 
} 
void put_no(void) 
{cout<<"xroll_no:0"<<roll_no; 
} 
7 . 
class test:public student 
{public: 
: float si1,s2; 
public: 
void get_marks (float x,float y) 
{sl=x;s2=y; 
} : 
void put_marks (void) 


{cout<<"marks odtained :; \nsl="<<sl<<"\n S2="<<s2; 
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} 
}? 
class sports 
{ 
public: 


int score; 

void get_score(int x) 
{score=x; } 

void put_score (void) 
{cout<<"sports marks:"<<score; 
} 

‘3 


class result :public test,public sports 
{float tot; 
public : 
void display (void) 
{tot=sl+s2+score; - 
put_no(); 
put_marks(); 
put_score(); 
cout<<"total score="<<tot; 
| } 
}; 
void main() 
{result stl; 
sti.get_no(101); 
st1.get_marks (39,65); 
stl.get_score(29); 
st1.display(); 
} 


Output: 

roll_no:0101marks obtained : 

s1=39 

s2=65sports marks:29total score=133 
Press any key to continue 


Slip No.13 VIRTUAL FUNCTION 

Write a program in C++ using virtual function. The program must declare p to 
a pointer to objects of the base class person. First, the program must p to point an 
instance x (name of the person e.g. “BOB”) of class person. The program must then 
assign p to point at an instance y (name of the student, e.g. “TOM”) of the derived 
class student. ; 
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Define a print () function in the base class such that it invokes the same base class 
function to print the name of the person by default. The second call for the same 
should evoke the derived class the name of the student. 


#include<iostream.h> 
#include<string.h> 
class person{ 


public: 

person(char* gs) 

{ 
name=new char[strlen(s+1)]; 
strcpy (name,s) ; 

} 

“void print () 

{ . 
cout<<"my name is"<<name; 

} 

protected: 


. char * name ; 

}3 

class student : public person{ 
float rno; 

public: 
student (char *s,float r) 
{} 

void print() 

{ 


>person(s),rno(r) 


cout<<"my name is "<<name <<"my rno 
2Ss"<<rno;} 
}3 
void main() 
{person *p; 
person x("bob") ; 
D=&X; 
Dp ->print(); 
student y("tom",101); 
p=&y; 
P->print (); 
} 


Output: 
My name bob my name tom 
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slip No.14 VISUAL BASIC 
a) Write a program in VB to find the sum of first 100 numbers entered using 
pO Loop: | 


gem ***eEEEREESES***DO-LOOp* HHH HH RH HE 
Private Sub Form_Load() 
Dim a, sum As Integer 
0 


sum = sum +a 

4°= a+ 1 

Loop While a <= 100 

MsgBox ("The sum of first 100 numbers is " & sum & 
n "), vbInformation 

End 


End Sub | 


Slip No. 15 HTML 7 

a) Create simple HTML pages on any of the following topics. 

College profile, Computer Manufacturer, or Software Development Company. 
The page must of at least 3 paragraphs of text. The page must have an appropriate 
title, background color or background image, and hyperlinks to other pages. The 
paragraphs must have text consisting of different colors and style in terms: of 


alignment and Font size. . 
Save the file and view the same using an 


hyperlinks. 
b) Obtain a hardcopy of the HTML code only. 


y HTML Browser. Verify functioning of the 


Homepage: binary_soft. html 

Source Code of Binarysoft.html 
<html> 
<head> 
<hl align="center 
</head> 
<body bgcolor="skyblue"?> 
<p> 


<font size=5 color="red"> 
<b>Binary Solution</b> i8 4 software devlopment 


Company.It focuses OF website devlopment. 
It provide software solutions using Web and Dot Net 


Technology. 


">BINARY SOLUTION</h1> 
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It's head office is at Pune .The company have offices alj | 
over India and USA 
</font> 

. 
</p> 


<p> 
<font size=+2 color="green"> 

<i>It is company which provides creative atmosphere for 
employees. } 

It also provides different faclities to their 
employees.Employees can | 
work and develop their own ideas.Thus they can convert 
their virtual ideas . : 

into reality.</i> 

</font> 

</p> 


Further you can contact at following address: 
<pre> 

Binary Solutions, 

25,Anand Society, 

Sinhagad Road, 

Pune. 

Phone: 24359871 

Email:binary’ s@rediffmail.com 

</pre> 

<A HREF="c:\taraka\clients.html"> 
<align="right"><h2>CLIENTS</h2></align> </A> 


</body> 
</html> 


Link Page: clients.html 

<html> 

<head> 
<h1 align="center">BINARY SOLUTION</h1> 
</head> 

<body bgcolor="skyblue"> 
<hi>Clients</h1> 

<ol> 

<li>Borgaon Sugar Factory</li> 
<li>Indo Instruments</li> 
<li>Nehru English School</li> 
<li>ABC Publications</li> 
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ndian Insurance Company</1i5 


guirt bata , 
yato Limited</li> 


iiete 


itil home. html = Microsoft aftinternet Explorer ; 


‘Help| 


Binary So tutan is a software aevionnent company yt foeuses on Website deviopment. Tt provide software solutions using Web snd Dot Net 
Technology. It's head office i is at Pune, The company | haye eeces all over India and USA 


‘tis s company which ec creative silvaphiene for employees, Seale: p ive 
their employees Zmployees can work and develop the inown ideas Tins they icone? 
ideas into reat iy: ee Seuss: % 


Binary Solutions, 
25,Anand Society, 
Sinhagad Road, 
Pune. 

Phone: get ‘i 


PrP tonto sib dbesnohat 


aE 


aia Satta 
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COMPUTER HARDWARE 


(PAPER-II) 


1 
MICROPROCESSOR AND 


ORGANISATION OF 8085 


- INTRODUCTION 


Formerly digital computers were large expensive machines, now size and 
shape of these machines has been changed in past few years due to this new device 
“Microprocessor” also named as [fp (mu-p). The microprocessor is an IC that 
contains much of the processing capabilities of a computer, it is small but extremely 
complex LSI device that is programmable. There are many companies which are 
manufacturing this microprocessor chips with different technologies and with 
different word length. Most popular companies in the manufacturing of pp are 
INTEL, MOTOROLA, Zilog, Toshiba. This chapter describes general features of a 
microprocessor, evolution of microprocessor and detail study of a very popular 
microprocessor chip Intel 8085-A as a basic programmable model of microprocessor. 


11 -EVOLUTION OF MICROPROCESSOR 

In less than fifteen years we have seen five generations of microprocessors. 
Before the year 2000 AD a-number of microprocessor in use will exceed the 
population of people on earth. The microprocessor is a twenty-year-old child of the 
integrated circuit and digital computer. 


First Generation:(4-bit Microprocessor) 3 

The first microprocessor introduced in the market was INTEL 4004, a 4-bit 
PMOS microprocessor, in 1971 by designed by scientist Faggin. This up was in fact 
designed to be used in calculators. It was not powerful and was inadequate for 
general purpose computing. : 

In 1972 INTEL introduced the 8008, the first general purpose 8-bit up with 
the development of LSI technology with 45 instructions. Intel introduced its 
successor, i.e. 8080. Simultaneously, Intel’s competitors, inspired by the early design 
of 8080, introduced new tps. MOTOROLA introduced the 6800. 


Second Generation : (8-bit Microprocessor) 

In 1974 the successors to the 8080 and 6800 were introduced the Z80, 8085 
from INTEL, 6809 from MOTOROLA etc. In 1976, 8085 was introduced. These 
Lips were 8- bit microprocessors. 

The development of pps has been in the direction towards a complete micro 
computer systera with CPU, ROM, RAM, clock, I/O ports, all in single package. e.g. 
INTEL 8048, 8028, MOTOROLA MC 6801 etc. 
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12 ADVANCEMENT OF MICROPROCESSOR 
eral Information 


Generation Year uP Word Size | Gen 
in bits . 


First 1971 INTEL’s 4004 4 First microprocessor 4 bit 
PMOS.. It was designed t, 
be used in calculators. It 
could perform arithmetic ang 
| logical operations. 


INTEI.’s 4040 | 4 | Enhanced version of 4004 
Toshiba’s T3472 | 4 | Similar to 4040 


1972 INTEL’s 8008 First 8-bit pup. It coulg 
operations. 
1974 INTEL’s 8080 8 Enhanced version of 8008. 
M6800 (Motorola) 8 Second generation pps 
tae td Se Z80 (Zilog) and which we use commonly. 
1976 8085 (Intel) Lips developed in a direction 
to’a complete microcomputer 
with CPU, Clock, I/O port all 
in a single IC package. 
1977 IM6100 (Intersil) 12 12 bit ups developed as a 
18190 (Toshiba) 12 enhancement in 8 bit pps. 
16 


Third 1978 to 8086 (Intel) 12 bit ups were followed by 
1980 16 bit ups. It showed a flow 


Zilog 8000 16 of progress of ps towards 
M 68000 16 the CPU which has a] | 
Intel 8088 16 capability to work with words | | 
| bits, bytes. 4 
7 , 
1981 Intel 80386 32 Latest advancement in pps.| 
1982 |. IAPX 432 Intel specimen can address | 
Hewlett Packard's 32 a physical memory of 4 Giga} | 
| HP32 bytes. 
M 68020 32 | 

80486 Recast Upgraded version of 386. 
Intel Pentium 64 Very popular in currently 
Intel Pentium II 64 used PC's. Uses 32 bit 
Intel Pentium Ill 64 


address bus and speed of 64. 


MHz. to 233 MHz. 
Celeron 


Xenon 
Dx4 


In twentieth century, Intel 
introduced a_ series of 
advance’ processor for 
mobile, servers, internet with 
Dual core facility. 


Fifth 1993 
After 
1996 


Table (1.1) 


808 
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Third Generation : (16-bit Microprocessor) 
The other major direction of wp evolution has been towards one which 
erforms all functions of a minicomputer, which can work with words, bytes, strings 
of characters and instruction cycle of 1 microsecond. In 1978 INTEL introduced its 
high performance 16-bit microprocessor the 8086 now called as iAPX 86. It was 
introduced by Stephen Mors, Drus Ravenal and other scientist. This third generation 
memory space was 64 Kilo Bytes and number of I/O ports grew from 256 each in the 
g080 to 64 K each in the 8086. Other features included efficient higher level language 
addressing, full arithmetic execution in 29 K transistors. The 8086 was followed by 
Zilog’s Z8000 in 1979, Motorola's 68000 in 1980. e.g. INTEL 8086, 8088 , Zilog 
78000, MOTOROLA 68000 etc. All of these are 16-bit processors. 


Fourth Generation: (32-bit Microprocessor) 

In 1981, INTEL has introduced a first 32-bit microprocessor. The 80386, 
which can address a physical memory of 4 Gbytes (4 X 230G bytes). Other 32-bit Lp 
announced 1982 as HP 32. 


Fifth Generation: (64-bit Microprocessor) | 

Intel made a drastic improvement in microprocessor design to provide greatest 
speed and to run the system on new OS like UNIX. The processor in this generation 
is generally called by name Pentium, may be called as 80586 followed by Pentiumll, 
Ill, IV etc. , 
Now a days after in twentieth century, Intel has developed so many processors, with 
additional facilities like low voltage operating capability, processors handling mobile 
techniques, servers with Celeron, Xenon,i3,i7 dual core processors. Intel also 
produced Quad core processors with greater speed and additional features. 


1.3 MICROCOMPUTER ORGANISATION 

Computer system always contains five main blocks as (i) Input Device (ii) & 
(iii) Central Processing Unit with Arithmetic unit and control unit combined in it 
known by name (CPU) (iv) memory unit and (v) output device. 

Let us see in brief how computer operates a given program. 


INPUT OUTPUT 
DEVICE DEVICE | 


CONTROL 


& 
ARITHMATIC 


Fig. (1.1) Block Diagram of a Computer 


184 Microprocessor 8085 


Fig (1.1) shows typical organisation of a computer with block diagram. A list 
of instructions with data is stored in a memory either for short time or permanently, 
Actually instructions are stored in a memory called as program memory (PM) and 
data is stored in other part of memory called as data memory (DM). After feeding set 
of instructions into the memory, control is used to read the first instruction from the 
program memory and according to the instruction it performs the work with the help 
of control and arithmetic circuit as adding of two numbers, jumping to other memory 
etc. Then after performing desired operation result is transferred to the output device, 
The basic difference between microprocessor and microcomputer is that 
microcomputer is a small size computer while microprocessor is one of the blocks 
required in a microcomputer system, in other way we can say microprocessor is a 
CPU part of the microcomputer system which actually is the heart of the system. 
. Microprocessor with memory, input, output and clock form a microcomputer. 


13 GENERIC MICROPROCESSOR 

Generic Microprocessor gives an idea of simple architecture of a general 
microprocessor; it is a general model showing essential blocks in a Microprocessor. 
Figure shows a generic microprocessor with internal blocks connected in a logical 
structure to perform arithmetic and logical operations with data and address bus. To 
learn 8085; this model of generic microprocessor becomes helpful. 


A generic microprocessor includes the following blocks and a required set of 
wires or lines called Bus: 


1. Arithmetic logic unit (ALU) 2. Registers 
3. Instruction decoder 4. Timing and control section. 
5. Interrupt Control | 6. Three types of bus 


D,.-D, 
Buffer/ 

Latches 8B bit 
databus 


Program Counter 


Stack Pointer 


Instruction Instruction 
decoder registor 
i 
i 


R 
sais | nS Timing and Control Reset Reset 
CLK Clock Interrupt INTR 
Clock x, x: yey) T GME c enter Interrupt requst 
a ae ee 
Crystal Power Supply 


‘Block Diagram of Generic Microprocessor 
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1. Arithmetic logic unit (ALU) 
It is an 8-bit unit where arithmetic and logical operations are carried out. After 


performing the operation it sets the flags poms! to the nature of resulting 
answer. 


2. Registers 
Microprocessor makes use of several registers ; ;some of them are 16-bit and 
others 8-bit. ; 
i) Accumulator -8 Bit: Main register used to store Result of arithmetic and 
logical operation. 
General purpose registers 


ii) Register-B. - 8 Bit ii)Register-C -8 Bit 
iv)Register-D - 8 Bit. v)Register-E -8 Bit 
vi)Register-H - 8 Bit vii)Register-L -8 Bit 


viii)Temporary Register -8 Bit 


ix) Status register: it is as a set of sos a called as Flags. Microprocessor has 
two flags carry and zero flag. 

ix) Program Counter-16 bit: used to store the address of next memory location. It 
points or directs to the memory location containing the next instruction to be 
executed. 

x) Stack Pointer-16 bit used to store address of a memory called stack. 

xi) Instruction Register-8bit the first byte of instruction is loaded in this register. 


3. Instruction decoder 
As its name suggests it takes instruction from Instruction Register and decodes it 
by driving control section. 


4. Timing and control section 
Refer block diagram; as per signal given by instruction decoder it generates 
appropriate signals to control respective devices in order to execute the 
instruction. 


5. Interrupt Control 
Interrupt is an essential process in microprocessor it executes certain steps when — 
interrupt occurs. 


6. Three types of bus 
Generic microprocessor shows three different types if parallel lines called bus. 
i) Address bus: it is 16-bit bus and unidirectional. 


ii) Data bus: it is 8-bit but bidirectional carries binary data. 
iii)Control bus: carries signal to execute operatica. 


Micreprocessor 8085 
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15 BLOCK DIAGRAM OF MICROCOMPUTER 

As explained in the above topic microcomputer contains all five blocks as (j) 
Input device (ii) Control (iii) Arithmetic circuit (iv) Program memory and data 
memory (v) Output device. Fig. (1.2) shows more detail architecture of a 
microcomputer in terms of block diagram with all essential bus and control signa] 
lines. 


KEY BOARD 
S 2 
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KEY BOARD 
laccel hts MPU/CPU 
= = 


ADDRESS 


POWER 
SUPPLY 


DISPLAY 


Fig. (1.2) Block Diagram of a Microcomputer 


As shown in the detailed architecture of a microcomputer it requires different 
bus structure, where bus is a group of conducting lines. It shows typical 16-bit 
"address bus "', there are 16 address lines and another bus is "data bus" as shown, it 
is 8-bit data bus depends on CPU. Address bus is normally unidirectional from the 
MPU (Micro Processor Unit) it sends an address of the required memory on this bus, 
while data bus is bi-directional from MPU data can be transferred to and from the 
MPU. The third group of bus is called as "control bus” through which control signals 
are carried. Control signals are generated by CPU and it is transferred on this bus to 


drive the required block of the system. 
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1. Input Device (Keyboard) 

The instructions prepared for a particular program are entered through this 
device as shown in the fig.(1.2) through keyboard. At the same time data is entered 
with instructions. When instruction and data is entered through keyboard it is not 
possible to feed the instruction directly to MPU because MPU may be busy in 
performing previous instruction therefore it is stored in a keyboard interface. Another 
reason to connect keyboard input to keyboard interface is the speed of input device 
and MPU may not be equal. After storing the instruction and data it tells the CPU 
through a special signal line "interrupt" which interrupts the MPU. After MPU 
completes the current instruction it stops the normal execution and jumps to a special 
group of instructions in its monitor program, which gives the response to the 
keyboard data, is entered in the keyboard interface. Actually keyboard interface, is a 
special chip. Keyboard interface is connected to address bus, chip select and control 
lines, because when data is entered it is informed to the MPU through interrupt line 
therefore MPU generates the control signals and chip select signal to activate only 
this keyboard interface. MPU tells it to send the data on the data bus. Then MPU 
accepts the data and continues its current job. | 


2 Microprocessor Unit (MPU/CPU) 

It can be referred as a CPU unit. In this main part of the system like brain of 
human being; data is processed and required control signals are generated to control 
the system. Whole processing and data flow is done with the MPU chip. 
Microprocessor is a controlling unit and fabricated on a very small chip capable of 
performing three main functions: - 

i) To receive information in digital form. 

ii) To process this information by means of arithmetic and logical operations. 

iii) To send the result or information in standard form. , 


Ki ROM (Program Memory) 
It contains the fixed stored program that is known as monitor program. It has 


address bus, chip select and read signal lines. ROM is read only memory. It allows 
only reading stored information. 


4. RAM (Data Memory) | 
It is normally used to store data; it is a temporary storage device. Bi- 


directional data bus is required because to write and read the data into the memory. 
RAM has address input lines and chip select, read/write enable lines. RAM is 
normally 8-bit wide. It allows both read and write hence called read/write or Random 


Access Memory. 


5. Output Device (Display) . 
Similar as input device and keyboard interface output of the system is 


displayed through display interface. The stored data in this display, interface is 
continuously transferred to 7-segment LED display. 
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6. Address Decoder 


It samples the data and selects the proper device. Fig.(1.2) shows Other 
important lines as (i) Clock: With which whole circuitry is synchronized. The Speed 
of the system also depends on clock frequency. Refer block diagram, clock is given to 
MPU. (ii) Power Lines: The power supply is necessary to operate the circuits hence 
as shown all blocks are connected to this Power supply line. Now let us see what is a 
microprocessor? How it executes the instruction with its organisation. 


The 8085A is a NMOS chip with 40 pin package and it is an 8-bit 
microprocessor suitable for a wide range of applications and it is ideal microprocessor 
to study because its basic architecture is used in more advanced microprocessors. 
The Intel’s microprocessor 8085 chip has selected to understand hardware of the 
common microprocessor and to illustrate the assembly language program. 


A\s 
ADDRESS 


CRYSTAL BUS 


INTELS 


8085 AD, - AD, 


ADDRESS DATA/BUS 


CONTROL BUS 
EXCLUDING SERIAL DATA IN/OUT 
I0/M IO/M 
Fig. (1.3) Microprocessor 8085 
FEATURES OF 8085 
l. The Intel microprocessor 8085 is an 8-bit microprocessor 8-bit data bus width 
refer fig. (1.3). this indicates that 1 byte (8-bit) data can be transferred on this 
bus. 
2. This 8085 chip is available in a 40 pin plastic ceramic (DIP) package. 
a. The address bus is 16-bit that means it can address 64 K bytes. Refer fig. (1.3) 


and fig. (1.4) the address bus is divided into two groups as 
(a) ‘The least significant bits of address are transmi 


transmission is known as “multiplexed bus", (mul 
into one here it is two into one). 


The advantage of multiplexed bus is no of pins are minimised from 16 
to 8. 


tiplexer means many 


| Microprocessor 8085 

ects ECR 

| (b) eae significant bits of address are transmitted on address bus 
(Ag- ae Since microprocessor 8085 has 16 bit = (2'°) = 64 Kbytes 
memory locations can be accessed. Each memory location is of 1 byte 


that is 8-bit wide. In 8085 to selec 
° t external ae 
mapped, I/O system is used. embry er UO device, UC 


4. The instruction set of 8085 consists of 74 instructions. 


1.7 FUNCTIONAL PIN DIAGRAM OF 8085 
. The pin diagram of 8085 is illustrated by fig. (1.4) and its brief functional 
description is given in table (1.2) 
1) Apo-Ap7 - As shown in the pin diagram of 8085 has address/data multiplexed bus 
pins Apo-Ap7 and other address bus pins are Ag-Ais. 


2) +Vcc and Vss - Supply connections are given across pins +Vcc and Vss ground 
+5V fixed. 


xX, (1 Voc 
X, C==])2 HOLD 
RESET OUT L—14 3 HLDA 
SOD [==] 4 CLK (OUT) 
sID 15 RESET IN 
TRAP C—16 READY 
RST 735 D7 1O/M 
RST 6.5 ——] 8 S.. 
RST 5.5 =——19 me 
INTR [— me 
WE oT ALE 
AD: = 
AD, 6 As 
AD, Cc Aa 
AD, (— i. 
AD, (— A 
AD. . 
AD. Ar 
AD, = 22 -— A, 
Veg ES 2c A, 


Fig. (1.4) Pin Diagram of 8085 
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Note: When Pin name is with Bar it is known as Active low Pin; it is activated with low 
voltage. Remaining pins without Bar activated with high level voltage. 


Output Reset for Peripherals 


Description 


Input Crystal Connections _ 
3 RESET OUT 


Serial data output 


Nonmaskable interrupt request 


Hardware Vectored Interrupt 


Input Interrupt 


Interrupt acknowledged by 8085 on this line 
Address/Data bus 

Supply ground connection 

Address bus MSB bits. 

Address bus MSB bits 

Address latch enable control 

Write control(Active low) 

Read control(Active low) 


Output Tristate V/O or memory control 


Output Tristate I/O or memory selector control 
36 |RESETIN Input (Active low) System RESET active low pin 
HLDA Hold is acknowledge 
Request to hold 

Positive supply connection 


Table (1.2) 
3) X\-X2 - 8085 microprocessor has its own built in oscillator (Clock) circuit inside 
it to which externally crystal is connected across pins X; and X>. 
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4) RD and WR - These are active low pins. A low level RD signal indicates the 
selected memory/IO is to be read and data bus is available for data transfer. 


Similarly, a low level WR signal indicates that data on data bus is to be written 
into the selected memory/IO location. 


5) RESET IN/RESET OUT - Pins are used to make program counter_of 8085 reset 
to OOOOH. After program counter is reset by peripheral through RESET IN pin, 
microprocessor sends signal through output pin RESET OUT that the "program 
counter is reset to inform peripheral. 

6) Interrupt pins - Microprocessor 8085 has five interrupt-pins through which 8085 
is interrupted (*Interrupt is explained in later topic). 


7 


——_ 


SID/SOD - For serial data transmission SID and SOD pins are used. For this type 
of transmission RIM and SIM instructions are required. 


8) READY - The Pin READY input from peripheral device informs the 
microprocessor that is peripheral device is ready to receive or to send the data. 


9) HOLD/HLDA - HOLD input pin is required during direct memory access (DMA) 
operation that is HOLD signal informs microprocessor that another device 
requires to use address and data bus. After receiving the signal HOLD request has 
been received on the pin HLDA (holds acknowledge). 


ADDRESSING I/O DEVICES (I0/M) : 

When microprocessor is connected with other devices as memory and input- 

output devices it forms a microcomputer. Sometimes to select particular input device 
and output device particular address is given as a memory locations for example 
address 0002 is used to select input device like keyboard and 0003 for output device 
like printer. Therefore whenever address is given by, microprocessor 0002 or 0003 
then there is no other information in these memory locations. In other words when 
these two addresses are used to select I/O devices then these two addresses are not 
used for any memory location. This type of I/O addressing is known as ''Memory 
mapped 1/0". But in microprocessor 8085 “I/O mapped I/O” method is used for I/O 
devices. For example the address 0002 and 0003 when it appears on address bus then 
this address may be memory or for I/O which depends on the control signal present at 
pin IO/ M.__ | _ 
When IO/M = 1 then this address is for I/O device and when IO/M = 0 then it is for 
memory. In microprocessor actually IO/M, S; and So control signal decide the type of 
operation. It is given in table (1.3) | 
Refer table (1.3) when IO/M = 0 then memory is selected either read or write which is 
decided by Sp and S, and when IO/M = 1 then I/O device is selected to read or write 
decided by So and S, signal. 
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Operation of 8085 


Memory write 


Memory read . 

I/O write 

I/O read 

OP code fetch 
Interrunt acknowledge 
Halt 

Hold 

Reset 


' O==9RF0 


0 
1 
0 
1 
1 
I 
0 


Table (1.3) 
Let us see the difference between memory mapped I/O and I/O mapped I/O. 


Memory mapped I/O V/O mapped I/O. 


1) I/O is assigned to the separate address | 1) I/O is assigned with same address of 
space of memory. memory. 
2) Separate control signal is not required. | 3) It is required like IO/M. 


3) Memory space is reduced due to | 4) Full memory space can be used. 


insertion of I/O address. 
4) It requires 16-bit address bus. 
i8 INTERNAL BLOCK DIAGRAM OF 8085 

Internal block diagram many times is referred as organisation or architecture 
of 8085. It is shown by fig. (1.5) 
Figure (1.5) shows following main blocks as: 

1) Three types of bus 

2) Registers , 

3) Arithmetic logic unit (ALU) 

4) Flags 

5) Program Counter (PC) 

6) Stack Pointer 

7) Incrementer / Decrementer 

8) Timing and control section. 

Let us see the significance of each block in 8085 


ie Three Bus Structure | 

Refer fig. (1.5) there are two I/O bus as 8-bit data bus and 16-bit address bus. 
As mentioned earlier Apo — Ap7 bus is address/data-multiplexed bus. Control _bus is 
not shown but different signals are transferred to different blocks like WR, RD 
ALE etc, which are generated by control section that forms a control bus. It has three 
types of control _bus refer fig. (1.5), the top side one for interrupt control which 
includes INTR, INTA, RST 5.5, RST 6.5, RST 7.5 and TRAP. The second one is for 


Micro | 


serial communication SID/SOD. The third control bus is the main control bus. It 
enerates all control signals which are applied internally and externally to execute an 


instruction. 


SID/SOD 
CONTROL BUS 


RUCTION B (8)|C 
REG. | REG. 

D (8)| 
REG. ; 
INSTRUCTION REG. . 
DECODER STACK 
POINTER (16) 
PROGRAM 
COUNTER (16) 
(8) INCR/DECR 
ADD-LATCH 


ADDRESS BUFFER DATA/ADDRESS 
TIMING AND CONTROL BUFFER (8) 
MAIN CONTROL BUS Ais- As AD, - AD, 
ADDRESS ADDRESS/DATA 
BUS BUS 


ACCUMULATOR] [ TEMP. REG 
(8) (8) 


i 


Fig. (1.5) Internal Block Diagram of 8085 


2. Registers | 
Refer fig. (1.5), there are different registers used for different purposes as 


A) 8-Bit General Purpose Registers 
i) Accumulator - 8 Bit 
il) Register-B - 8 Bit 
iii)  Register-C -  8Bit 
iv) Register-D -  8Bit 
v) Register-E - 8 Bit 
Vi) Register-H - 8 Bit 
Vii) Register-L — - 8 Bit 
viii) | Temporary Register - 8 Bit 
ix) Flag/Status Register - 8 Bit 


Note: Accumulator with flag Register is known as Program Status Word (PSW) 
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Cc 
L 


left Bia" [a Cat 
Lib 24 |irtceate 
as ee ae 
|. SP 


ACC. TEMP. REG. 
INC/DEC. 


Fig. (1.6) Different Registers 


B) ~— 16-Bit Special Registers 
i) Program Counter - 16 Bit 
i) Stack pointer - «16 Bit 
ili) Incrementer—Decrementer - 16 Bit 


Here register B,C, D, E, H and L can be used as 16-bit registers in pairs as 
register pair B-C, register pair D-E register pair H-L. Remember 16-bit register pair 
cannot be formed like B-E or D-L. 


1) Accumulator: It is an 8-bit main register in 8085 microprocessor; it is used for 
performing arithmetical and logical operations like addition, subtraction, AND 
EX-OR operations. One of the operand is stored in accumulator. It can be used as 
both source and destination register. The final result of these operations is also stored 
in this accumulator. Accumulator also used for /O operations. 


ii) General purpose registers: There are six 8-bit registers which can be used as 16- 
bit registers in pairs as B-C, D-E and H-L pair. The higher MSB 8-bits are stored in 
first register of the pair as B,D,H and lower LSB 8-bits are stored in other 
register of C,E,L. Suppose a number 24C5H is to be stored in D-E registers. pair 


then 24 number will be stored in register D and number C5 will be stored in 
register E. 


Fig. (1.7) General Purpose Registers 


ili) Temporary Register: This temporary register is used to store operands of 
arithmetic and logical operations. Similar to accumulator other 16-bit registers 


program counter, stack pointer etc are used for special purpose as explained 
below. 
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3. ARITHMETICLOGIC UNIT (ALU) 

It is an 8-bit unit where arithmetic and logical operations are carri 
ALU consists of binary adder it performs only binary addition and sala ar 
2's complement addition method. Accumulator, /O device, memory etc supplies 
data. After performing the operation it sets the flags according to the nature of 
resulting answer. If answer is zero then it sets zero (Z) flag. Detail explanation of 
flags is given below. 7 


DATA BUS 


Fig. (1.8) ALU Circuit 
4. FLAGS 
These are single bit status registers (Flip-flops) operated by ALU. The flags 
are either set or reset according to the answer produced by ALU. It is 
important because flags are examined in conditional instructions like "JMP" 
&"CALL". 
There are five flags: 
1) Sign Flag (S), 2) Zero Flag (Z), 3) Auxiliary Carry Flag (AC), 
4) Parity Flag (P), 5) Carry Flag (CY), 


SIGN ZERO AUXILLARY PARITY CARRY 
CARRY 


Fig. (1.9) Flag Register 


and when D; bit of Acc= 0 
and when D;7 bit of Acc= 1 


_ 
_ 


0 
1 
0 
1 


Table (1.3) 
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With instruction STC carry flag is directly set. Table (1.3) illustrates different 
conditions of ALU result and the status of flags affected. 

After execution of arithmetic operation programs status word (PSW) jg 
formed. It contains accumulator with flag. 


4. PROGRAM COUNTER (PC) 

Program counter is a 16-bit register used to store the address of next memory 
location. It points or directs to the memory location containing the next instruction to 
be executed. For example an instruction to the 8085 is suppose LXI B, 2475H this 
means load register pair with 2475H. Now 8085 should give address of 
instruction LXI B in to program counter. Suppose it is stored in memory location 
0200H then program counter will get incremented by microprocessor to 0201 H, 
0202H. Let us take a simple program as follows: 


PC 

0200 LXI B,2475H (1) 
0201 LDAX D (2) 
0202 LXID,3794H, (3) 


In this program our instruction is in first line. After completing instruction 
no. (1) program counter contents automatically goes to 0201H which is the address of 
next instruction LDAX D then it will go to 0202, 0203 .... automatically. Sometimes 
a JUMP instruction is present in the main program then normal sequence is disturbed. 
JUMP instruction , directs some other (X) memory location therefore 
program counter wili contain the address of (X) memory location. So that is 
provides logical continuity to the program. Thus microprocessor increments the 
program counter every time as it fetches the instruction. 


5. STACK POINTER (SP) 
It is a 16-bit register used to store an address of current memory called stack. 


PROGRAM COUNTER 


SUBROUTINE —% 
AT C 


STACK; POINTER 0006 


Fig. (1.10) Idea of Stack and Stack Pointer 
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s explained above, j 
Pee of branchin ae ee subroutine the program counter is directed to 
gi d by 1, whi — Memory location. But before that program counter 1s 
incremented’ DY t ‘ q ni wall be the address of next instruction in ihe main program 
the address 1 ee nar er special group of register or memo all re : k. 
The address of stack is initialized by LXI H instruction ry area called as stack. 
Relet e- Saris BEPPOSe program counters current address is 0032 and a 
subroutine occurs at this instruction. Therefore before program counter goes to next 
address of sunuene (as shown 015B) it will be incremented by 1 that is 0032 + 1 = 
0033 this will be the next address, which is saved in stack. Stack is a part of RAM 
Address 0033 is stored in stack at memory location of stack 0004 and 0005 This 
address 0004 where next address of PC 0033 is stored. Stack pointer shows it 
In practice, stack is operated by PUSH and POP instruction. 


Let us take example of PUSH and POP instruction. 


Before PUSH operation program counter is at 0056 and a JUMP instruction 
appears at this address, similarly stack contents are shown for previous subroutines 
0051, 0080 etc. Stack pointer is stored with previous stack address 0007. Now after 
PUSH instruction, refer fig. (1.11) the contents of PC has incremented, by 1 to 0057. 
Then the address of stack pointer is also decremented by 2 it becomes 0005. from 
0007 and now at this location of stack the contents of PC are stored at 0057 as shown. 
e program counter should go to main program whose 


After completion of subroutin 
57. This is done by using instruction "POP". 


address is stored in stack by 00 


PC ADDRESS STACK PROGRAM COUNTER STACK 
0004 0006 


STACK POINTER 0007 eee eee SackPOINTER. 007; |. OO 
aia NS ee 
se TE 

AFTER PUSH 


BEFORE PUSH 
Fig. (1.11) Stack and Stack Pointer 


” " instruction is given after completing subroutine it 
Fics address was stored in stack pointer 1s 0005. It is 
(0057). Similarly after "POP" operation stack pointer 


Refer fig. (1.12), when 
automatically stacks contents 
lransferred to program counter 
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is incremented by 2 it becomes 0005 + 2 = 0007. 


PC 

cos7) owe [ 

000s [J 

coos [ 

vor [as 
SP oe | wo 

coe [st 

coon [00 


STACK 
Fig. (1.12) Idea of POP Instruction 


6. INCREMENTER - DECREMENTER 
This is a 16-bit register it is used to add or subtract 1 from the contents of the 
program counter or stack pointer. 


ds INSTRUCTION DECODER 

Instruction is stored in instruction decoder. It is decoded by this circuit to 
initiate the timing and control signals for the given instructions. These operations are 
carried out by liming and control sections by generating control signals like CLKout, 
RD, WR ALE SO, S1, IO/M, HLDA and RESET OUT. It also accepts input control 
signals like READY, HOLD and RESET IN. 


1.9 INTERRUPTS 

Microprocessor is always connected to different input/output (1/0) devices 
such as displays, printer, keyboard etc., which are called as peripheral devices. These 
devices communicate with microprocessor. If microprocessor asks to each device 
whether it requires service or not? Each time then the microprocessor will waste 
time that will reduce the speed of operation. Instead of that in microprocessor 
8085 "interrupt" method is employed so that external device can interrupt the 
microprocessor whenever desired therefore there will be small wastage of time. 
When interrupt signal is given to the microprocessor it will suspend the normal 
sequence and it will give service to the device. After completing the service again 
microprocessor will continue its main program. 

In microprocessor 8085 an interrupt is the input signal which Stops the current 
execution and transfers to specific special routine known as “Interrupt Service 
Routine" (ISR). After ISR, microprocessor returns to the program. Fig. (1.13) 


illustrates the idea of communication between microprocessor and device with the 
help of interrupt. 


_— 
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MAIN PORGRAMME ISR 


Fig. (1.13) Idea of Interrupt Service Routine 


Suppose you are referring a telephone directory for finding the phone number of 

a person staring with surname X in sequence and if your friend told you that find a 
phone number of person starting with surname Y. Then your friend interrupts you; 
ou will keep in mind the page number of your required person (like storing the 
address in Program counter). Then you will go to the page on which your friends 
hone number is given. You will find out the desired phone number for your friend, 
which is similar to "interrupt service routine”. After you service your friend again 
you will go for your page for finding the phone number starting with surname X, 1.€. 


continuing main program. 


Interrupts on 8085 , 
The 8085 has two types of interrupts such as 
(1) Software Interrupts, and 
(2) | Hardware Interrupts 


It has eight software interrupts known as RSTO, RST1 ---- RST 7 where RST 
is RESTART because when this type of interrupt instruction is given to 8085 it 
jumps to specific fixed address. The address is calculated as suppose RST 1. 


RST 1=1x 8 =0008 H 
When RST 1 interrupt is there 8085 goes to location whose address is 0008H 
0028 H and so on. (4010 = 28H) 


for RST 5 itis 5x 8 =40= 
8085 microprocessor has five hardware interrupts as 


1) TRAP (4.5) Highest priority 

2) RST 7.5 | 

3) RST 6.5 | 

4) RST 5.5 

5) INTR Lowest priority 

t means when this type of interrupt is 


vector interrupts 1 
transferred to specified fixed memory 


d or directed or 
terrupts is calculated as 


_ These interrupts are 
given to 8085 it is vectore 
location. The address of these in 
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Interrupt Vector to Address 

TRAP 4.5X8=0024H 

RST 7.5 7.5 X 8 =003C H 

RST 6.5 6.5 X 8= 0034 H 

RST 5.5 5.5 X 8 = 002CH 

Where RST 5.5 = 5.5 X 8 = 44.0 = 44 in, decimal 

(Where 44 = 2C in hexadecimal) 

In these five interrupts TRAP has highest priority while INTR has lowest 
priority. 

Similarly TRAP. is called as "nonmaskable interrupt" which can not be 
disabled microprocessor has to give service first for this interrupt. But other 


interrupts-RST 7.5, RST 6.5 RST 5.5 INTR are "maskable interrupts" these can be 
_ disabled. 


Interrupt Procedure 

(i) An I/O device sends an interrupt signal to the microprocessor Y 
indicate that data is ready for input. 

(ii) | Microprocessor temporarily stops what it is doing and sends interrupt 
acknowledge signal. 

(iii) | Microprocessor stores the contents of program Counter into the stack 
and address of stack into stack pointer. 

(iv) | Microprocessor inputs the data from the device. 

(v) It returns to the main program. 


1.10 ADDRESSING MODES IN 8085 

In the next chapter ‘Instruction set of 8085' you will study all types of 
assembly level instructions. An instruction is not recognised by microprocessor but it 
understands only binary code. Assembly level, instruction is indirectly converted 
into binary code that is known as ‘machine code’. Instruction may be 1, 2 or 3 byte — 
in length. The first byte shows the operation type to be performed (operand) and 
second and third bytes of instruction indicates either the operand or address of the 
operand (data on which operation is to be performed). 


There are number of instructions which are classified according to the type of 
addressing the data. They are classified into five types 


(1) Direct Addressing 
(2) Register Addressing 
(3) Register Indirect Addressing 
(4) Immediate Addressing 
(S) Implicit Addressing. 
Let us see each type of addressing mode with example. | 
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“pIRECT ADDRESSING 


direct addressi 
eae eke mode, the address of the operand is specified within the 
f - Mor example, LDA,06C2H. This means Load accumulator 
with the contents Ol memory location 06C2H. Here all instructions are three byte 
qstructions. Another example of direct addressing is STA 08B2H 


Store contents of accumulator At this location 


J 


MEMORY 
08B3 
08B4 


Fig. (1.14) Direct Addressing 


2. REGISTER ADDRESING MODE 
In this mode the register name is specified in the instruction. Address is not 


required for this type. This is register to register or accumulator to register transfer. 
These are single byte instructions. For example MOV A,B 


MOV A B 


Move contents of B to A 


ACCUMULATOR 


Fig. (1.15) Register Addressing 
(Add contents of register C to accumulator). Here 


Another example is ADD C 
transfer is from Register C to Register A. 


3, REGISTER INDIRECT ADDRESSING . | | 
Register indirect instructions are always one-byte instructions. Here register 

Pair is specified for addressing 16 bit address of memory location. 
For example MOVA,M move memory contents to accumulator but memory 


location is specifically by H-L register pair 
MOV AM 


Move Memory to Accumulator 


(Address in HL) 
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Another example of indirect addressing mode is ADD M 

It adds the contents of memory whose address is stored in the HL pair to the 
accumulator. In actual program suppose we want to add the contents of memory 
location OFAFH to accumulator then instructions required are 


MEMORY 


ACCUMULATOR 


—_ 


ADDRESS 


Fig. (1.17) Register Indirect Addressing 


i) LXI H OFAFH  ; Load H-L pair with OFAFH . 
ii) ADD M ; Add contents of this memory (OFAFH) to accumulator. 
(ut MOV A, OFAFH it is not allowed it is wrong instruction) 


4. IMMEDIATE ADDRESSING 

When data (operand) is directly transferred to register then it is known as 
immediate Addressing. One or two byte instructions are used for this type of 
addressing. In this mode operand is specified within the instruction itself. Data is 
specified after immediate Mnemonic. 


Examples: 

1) MVIB,55H (move immediate 55to B) 

ii) LXI (Load register immediate) LXI H 52C5H 
This indicates load register H- L pair with data 52C5H, Here operand 52C5 is loaded 
in H-L registers. 


iii)ACI 66H Add 66H to Accumulator with Carry. 


5. IMPLICIT ADDRESSING 
Implicit addressing instructions are 1 byte instructions many instructions of 
logical group belong to this implicit addressing. | 
For example 
1) CMA, Compliment Accumulator 
li) RRC Rotate Accumulator Right 
iii) STC CMC etc. 
The address of data is contained with the opcode itself and operand is absent. 
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QUESTIONS 
1, Select the correct alternatives 
,) Microprocessor 8000 is manufactured by ( Mar.95) 
i) Intel ii)Motorola iii) Zilog iv) Toshiba 

p) The example of a 32-bit Microprocessor is —— (Mar.97) 

i) M68000 ii)Z80000 iii) Intel's 80286 iv) M68020 
c) The addressing mode of the Instruction LHLD is..... (Oct.98) 

i) Register 1i)Register Indirect iii) Direct iv) Immediate 
d) LXIH,addr.is______ byte instruction. (Specimen-Paper) 


i)1 11)2 iti)3  iv)4 , 
e) The register in the CPU that keeps track of the address of the next instruction to be 
fetched from program memory is called the —— (Mar.2002) 
i)Program Counter, ii) Instruction Register, iii) Accumulator, iv) Stack Pointer 


f) In the flag register of 8085 microprocessor number of bits are kept unused. 


i5, wi)3, i1)4, iv)2 (Oct.03) 
g) The instruction MOV B, A of 8085 microprocessor is an example of ____ 
addressing mode. - (Oct.03) 
i)Direct, 11) Implicit, ii) Register indirect, iv) Register 
h) In 8085 microprocessor, serial data from external device is received on ___ pin. 
i) SID, ii) SOD, iii) HOLD, iv) READY : (Mar.2004) 
i) — flag bit is reset, when flag resister content in D4H. (Mar.2006) 
a) S b)Z 6) CY d) AC : 
)) bus is one way data path from MPU to all devices. | (Mar.2008) 
a) Data b) Address c) Control = d) None of these 
k)— is a non-maskable interrupt. (Mar.2010) 
a) TRAP b) RST7.5 c)RST6.5  _d) RST5.5 
!) In 8085 —— pin is the only output terminal of interrupt control block (Mar.2012) 
a) TRAP b) INTR c) RST7.5 d) INTA 
m) ALU is — bit unit in 8085 microprocessor (Mar.2013) 
8, ii)16, iti) 32, _—« iv) 64 
(Mar.2017) 


n) The flag register of 8085 contains —— flags. 
a8 b)3 c)7 dys 


2. Draw a neat labeled diagram of a generic micro-processor. (Oct.03,06,Mar.2008) 
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3. Draw a neat block diagram of the typical microcomputer system. Explain the 
function of each block in short. (Mar 88,Mar.2019) 
Explain the primary functions of the CPU of a microcomputer. (Mar.02, 04,06) 
What is Microprocessor ? Write the features/functions of 8085. (Mar.2008,17,20) 
Draw internal block diagram of 8085. (Mar.2010,2016) 

Write the functions of following Pins 
I)ALE ii)SID iii) CLK [out] : (Mar 88) 
8. What is the purpose of following registers in 8085 processors? (Mar 88) 


oe oY 


1) HL pair ii) Stack pointer iii) Program Counter 


9. With the help of suitable examples, explain direct and immediate addressing 


modes in 8085. (Mar 88) 
10. With suitable block diagram, explain the structure of CPU registers that are 
accessible to a user of 8085 processor. (Mar 88) 


11. Explain the term vector interrupt. Why the vector interrupt pins on 8085 are 
named as RST 5.5, RST 6.5, RST 7.5? Which interrupt pin on 8085 has me 
highest priority? (Mar 88,2016,17) 

12. Explain the-term ‘interrupt'. What is the difference between interrupt pin INTR 
and other interrupts available on 8085 chip? Which interrupt of these can not be 


masked? : (Oct 88) 
13. List all hardware interrupts of 8085. List them according to their priority. Explain 

maskable and non-maskable interrupts. (Mar.2006,07,16,19) 
14. Indicate the purpose of following pins on 8085 chip. | 

i) ALE ii)SOD iii) WR | (Oct.88) 


15. What is the function of following register in 8085 processor? 
1) Accumulator . ii) Program counter ili) Flags iv) stack pointer (Oct.88,Marl16 ) 
16. Explain the following blocks of 8085 microprocessor: (Mar.2006) 
1) Serial I/O Control ii) Accumulator 111) Multiplexed Address / Data Bus Buffer 
17. Draw a block diagram of a microcomputer system. Explain in short the function 
of each block. Also show the direction of data flow among the various units of the 
microcomputer. (Oct 88, Mar 89) 
18. Explain in brief how 8085 handles reading and writing in memory location and 
input/output ports. Discuss it with reference to the IO/M s signal. (Mar 89) 
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19, Explain what do you mean by memory map of a system. Draw a memory map of 
a typical 8085 Lp system. (Mar 89) 
20. Explain the address and data bus structure of 8085. Show with help of a neat 
diagram how the address and data is demultiplexed? What is the advantage of 
such a bus ? : (Mar 89) 
21. Write a short note on “Evolution of Microprocessor” giving one example of each 
generation’. | "(Mar 2002,08, Oct.03,Mar.2020) 
72. How the data can be sent or received serially using the facility available on 8085 
chip? Discuss the method. (Oct 89) 
3, What is the function of following pins on 8085 chip? 
i) CLK ii)IO/M_ Hi) RESET OUT (Oct 89, Mar.2004) 
24. Draw bit pattern of flag register and explain the significance of each flag bit. 
(Mar.2006,2008) 
25. How many flag bits are present in the flag register? State the conditions when 
they are set to 1 in the execution of arithmetic instruction like ADP (Oct 89) 
26. State any three addressing modes of 8085 with examples . (Oct 89,Mar16) 
27. Draw a block diagram of 8085-microprocessor chip. (Oct 89) 
28. Describe in brief functions of following pins in 8085. (Mar 2002) 
i) HOLD, ii) INTR, iii) RESET IN | 
29. Explain any three flags available in 8085.If the flag register contains ACH 
interpret its meaning. (Specimen Paper) 
27. Explain register indirect and immediate addressing modes in case of 8085 
microprocessor with the help of suitable examples. (Oct.03) 
28. Write the function of following units in the microprocessor 8085. 
i) Accumulator, ii) Stack pointer, ~ (Oct.03, Mar. 2010, 2019,2020) 
iii) Instruction decoder, iv) Serial I/O control. 
29. Describe in brief the function of following pins in 8085 microprocessor: 


i) HLDA, ii) READY, iii) RST7.5 iv) SID (Oct.03,Mar16) 
30. Describe in brief the function of following pins in 8085 microprocessor: 

i) X1 Xo, ii) Apo-Ap7, ili) As-A1s (Mar.2010) 
Answer Q.(1) 


a) Zilog b)M68020 __c)Direct d)3 _ e)Program counter f)3 g)register 
h) SID i) CY j)Address Kk) TRAPI)INTA m)8 n)5 QOQ 
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INSTRUCTION SET AND 


PROGRAMMING OF 8085 


oo 

INTRODUCTION 

As we all know, computers recognize and operate only with binary numbers. 
Each machine has its own instruction set based on the design of its CPU. Similarly for 
a microprocessor there exists its own instruction set. These instructions are in binary 
form and the language used is called machine language. Microprocessor design 
engineers select combinations of different bit patterns and assign a specific meaning 
to each combination by using electronic logic circuits. Each of these combinations is 
called as an instruction. Instructions are thus made up of one or more words. As we 
know a word is a group of bits. In the case of 8085 a word means an 8-bit group 
which is also called as a byte. A set of instructions designed into a machine makes up 
its machine language, which is specific to each machine. This chapter describes 8085 
instruction set and its use in writing an assembly language programs. 


2.1 INSTRUCTION CYCLE 

Whenever any instruction is executed by a microprocessor number of different 
operations are to be carried out by the microprocessor. The clock achieves the overall 
control of the operations of microprocessor. Thus it may take several clock cycles to 
perform a particular operation. In the microprocessor terminology "the sub-division 
of an operation, which equals to one clock period is called as T-state". After defining 
the T-state we will define machine cycle and instruction cycle. 


Machine Cycle 


It is defined as "the time required to complete any operation, which is a sub-part 
of an instruction". The machine cycle may consist of number of T-states. For 8085 a 
machine cycle may consist of three to six T-states depending upon which machine 
cycle operation is being carried out. Following are the 8085-machine cycle operation, 


No. Machine Cycle Operation Explanation of Operation 


lL. Op-code Fetch Fetches opcode from memory 
em Memory read reads data from memory 
3. Memory write writes data into memory 
4 Acknowledge Acknowledges an interrupt. 
7 Halt . Halts CPU while executing Halt instruction 
8. Hold. Address data and control lines 
tri-stated for DMA operation. 
7; Reset 


Reset operation after resetting. 
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It is defin € required to complete the execution of an instruction . 


instruction cycle may Consist of no. of machine cycles. For 8085 an instruction 

may consist one to five machine cycles. ae 

hus any of = ee executed will require ro. of machine cycles to be 
formed and which requires several T-states. A diagrammatic representation of 

ts can be shown as below 
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: 1 INSTRUCTION CYCLE 
Fig. (2.1) Instruction Cycle 


Consider fig. (2.1), which shows machine cycles T-states and Instruction cycle 
required for execution of a hypothetical instruction. From the diagram we see that the 
instruction requires two machine cyclesM; and M>. Machine cycle M; lasts for three 


T-states while machine cycle Mz lasts for four T-states. 


2.2 INSTRUCTION CLASSIFICATION OF 8085 


Instruction set of 8085 can be classified into the following five categories 


depending upon their function. 
1) Data transfer group 
2) Arithmetic operations group 
3) Logical operations group 
4) Branching operations group 
5) Machine control operations. 


!) DATA TRANSFER INSTRUCTIONS 
This group of instructions copies data from a location called source to another 


location called destination, without modifying the contents of the source. In technical _ 
Manuals the term data transfer is used for this copying function. However the term 
lansfer' is misleading; it creates the impression that the contents of source are 
‘estroyed when, in fact, the contents are retained without any modification. 


' Some of the various types of data transfer operations available in 8085 are as 
Ollows 
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Types of Transfer Example ; 


1) Between registers Copy contents of register B to register R 
2) Specific data byte to register Load register C with data byte or 
memory location 4AH 
3) Between memory location Copy data from memory Location 
and a register 1500H to register D 
4) Between I/O device and Input from a keyboard to 
accumulator (I/O operations) = accumulator 


The last type of operation namely I/O operation is sometimes grouped in Separate 
group called I/O instructions. 


2) ARITHMETIC GROUP INSTRUCTIONS | 

These instructions perform arithmetic Operations such as addition, subtraction, 
increment, and decrement. 8-bit as well as 16-bit addition can be performed in 8085. 
8-bit 2's complement subtraction is performed in 8085. Also 8-bit contents of. register 
/memory location as well as 16-bit contents of register pair or stack pointer can be 
incremented or decremented using instructions in this group. — 


3) LOGICAL GROUP INSTRUCTIONS 


These instructions perform following logical operations. In all the operations 
accumulator is one operand and where required second operand can be register 
content, memory content or 8 - bit data. 
The results are stored in accumulator 
a) AND operation 
b) OR operation 
_ ¢) XOR operation 
d) Rotate 
€) Compare 
f) Complement or NOT operation. . 


4) BRANCHING GROUP INSTRUCTIONS 


These instructions allow user to alter the sequence of execution of the program 
either conditionally or unconditionally, | 


Following are the types of Branch instructions available in 8085, 
(a) Unconditional Jump 

(b) Conditional Jump 

In this case a jump is taken after checking for given condition. 


(c) Call and Return instructions - These are the instructions used to enter into and 
‘turn from a subroutine, 
‘d) Restar: j structions - These are used to enter respective Interrupt service routine. 
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5) MACHINE CONTROL INSTRUCTIONS 
These instructions are for following operations 

a) Halt 

b) Set interrupt mask 

c) Read interrupt mask 

d) No operation - (Do nothing) 

e) Stack operations 


1.3 INSTRUCTION FORMAT 

As explained earlier an instruction is a combination of bit pattern. Normally each 
instruction can be viewed as a collection of two parts. One part, which gives the task 
to be performed, is rightly called as OPERATION CODE (Opcode) and the other part 
gives the data to be operated on called as OPERAND. The operand can be specified 
in various ways. : . | 
Instructions for 8085 are of three formats. 
i) One byte instructions ii) Two byte instructions iii) Three byte instructions 


I) One Byte Instructions 
These are the instructions, which include opcode and operand both in the same 


byte. In same cases the operand may be implicit. Such a type of instruction requires a 
single memory location. We will see examples of these types of instructions in next 
sections while learning the instruction set in detail. e.g. RRC, MOVB,C 


FIRST BYTE OPCODE FIRST BYTE 


OPCODE 


OPCODE DATA/ADDRESS 
DATA/ADDRESS 


atta DATA/ADDRESS 
HIGHER BYTE THIRD BYTE 
1 byte 2 byte 3 byte 
Fig. (2.2) Instructions Formats 
Il) Two Byte Instructions | 
In a two-byte instruction, the first byte specifies opcode and the second byte 
tion would require two memory locations 


specifies the operand. Such a type of instruction 
to store in memory. Next few sections will explain about such instructions. 


e.g. MVI A,01H MVI A,( opcode-first byte) 01H(second byte) 
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III) Three Byte Instructions 

In this type of instruction the first byte specifies the opcode as usual but the 
second and the third bytes together specify 16-bit address of operand or 16-bit data, 
But the important fact is the second byte is lower order byte and the third byte js 
higher order byte. Such an instruction would require three memory locations to Store 
in memory. The examples and explanation for these type of instructions follows ip 
next few sections. e.g. LXIH,2005H . 

LXIH, ,( opcode-first byte[21] ) OSH(second byte) 20H(third byte) 


2.4 DATA TRANSFER INSTRUCTIONS 
As seen earlier these instructions allow user to copy data from source to 
destination. Following are the instructions in this group. 


1) MOVE INSTRUCTION 

This instruction copies contents of source register to destination register. If one of 
the operands is a memory location then its address is specified in HL register pair. 
No flags are affected. The formats of these instructions are as follows. 


Opcode Operand Bytes Machine Cycles - T-states 
MOV Rd, Rs 1 1 4 
MOV M, Rs — 1 2 7 
MOV Rd, M 1 2 7 


Rs = Source location register. Rd = Destination location register. 
Rd and Rs can be any of the following registers A, B, C, D, E, H, L. 
M = Memory location whose address is given by contents of HL pair 
Important Note: 
1. The data in assembly language is always followed by ‘H’ e.g. 3AH ‘H’ stands 
for Hexadecimal number. 
2. In this topic each instruction is specified with bytes, T states machine cycles 
this is for only information. It need not be remembered. 
Examples: 
MOV A,B ; Copy contents of B into A 
MOV A,M; Copy contents of memory location whose address is given by contents 
of HL register pair into accumulator. 


BEFORE EXECUTION MEMORY 


AFTER EXECUTION MEMORY 


[am] 


Fig, (2.3) Idea of MOV A.M 


| ae 


| Instruction Set of 8085 711 
Ee ee a 
2) MVI (MOVE IMMEDIATE) INSTRUCTION 

This 2-byte instruction is used to store the 8-bit data, given in instruction itself, 
into the destination, which may be a register or memory location. The first byte of 
instruction gives the destination and second byte is the 8-bit data. No flags are 
affected. 


Formats for these instructions are as follows. . 


Opcode Operand Bytes MachineCycles __ T-states 
MVI Rd, data 2 2 7 
MVI M, data 2 3 10 


Rd : destination register. Which can be any one of the following A, B, C, D, E, H, L 
Data : 8-bit immediate data 
M_ : memory location pointed by HL contents. 


Examples : 
MVIB, 3CH_ ; Store 3CH into register B. 
MVI M, 50H ; Store 50H into memory location pointed by HL Contents. 


MVID, 5FH ; Store 5FH into register D. 


3) LDAX — LOAD ACCUMULATOR INDIRECT 
This is a single -byte instruction. One of the operands is implicit and is 
accumulator. The other operand is a register pair. It is designated in instruction itself. 
| The contents of the designated register pair point to a memory location. This 
_ instruction copies the contents of that memory location into the accumulator. The 
_ contents of either the register pair or the memory location are not altered. No flags are 


affected. 


Opcode Operand Bytes Machine Cycles T-states 


LDAX tp 1 2 7 


Ip : register pair. 
rp: B means BC register pair is used as pointer. 
rp: D means DE register pair is used as pointer. 


Example: 
If BC register contents are 2500H i.e. B= 25H and C = 00H 
and if LDAX B instruction is executed 

then accumulator will be loaded with the contents 0 


f the memory location 2500 H. 
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MEMORY MEMORY 


Fig. (2.4) Illustration for LDAX & STAX instructions 


4) STAX —-STORE ACCUMULATOR INDIRECT 

This is single byte instruction one of the operands is implicit and it is 
accumulator. The other operand is register pair. It is designated in instruction itself 
The contents of the designated register pair point to a memory location. This 
instruction copies the contents of the accumulator into the memory location pointed 


by register pair. The contents of either register pair of the accumulator are not altered. 
No flags are affected. | 


Opcode Operand Bytes Machine Cycles T-states 

STAX rp 1 2 7 

Ip : register pair. 

rp = B means BC register pair acts as pointer. 

rp = D means DE register pair acts as pointer. 

Examples : , 

If contents of Accumulator are 7EH and D register contents 17H and E register 
contents 80H then after execution of the instruction STAX D 

the contents of memory location 1780 H will be 7EH. 


5) LDA - LOAD ACCUMULATOR DIRECT 

This is a 3 byte instruction, first byte gives opcode and the second and third 
provide a 16-bit address for a memory location. Second byte specifies lower order — 
byte of provide a 16-bit address for a memory location. Second byte specifies lower 
order byte of address and third byte specifies the higher order byte of address. This 
instruction when executed copies contents of the memory location pointed by address 
given in instruction to the accumulator. Contents of source are not altered. No flags 
are affected. | 
Opcode Operand Bytes Machine Cycles T-states 
LDA addr 3 4 | 13 
addr: 16-bit address. 
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Example : 
If memory location 3780 H contains FEH and the instruction 
LDA 3780H . 
is executed, then after the execution contents of accumulator will be FEH. The 
contents of memory location 3780 H are not altered. While writing this instruction in 
Hex code, we will write in following order 
( opcode ), 80H, 37H 
OR (3A) ,80H,37H where 3A is opcode of LDA 
Where (opcode) is 8-bit machine code for the instruction? 


6) STA-STORE ACCUMULATOR DIRECT 

This is also a three-byte instruction. The first byte gives opcode and the second 
and third byte provides a 16-bit address which points to a memory location. As in the 
case of LDA instruction the second byte specifies lower order byte of the address and 


‘the third byte specifies higher order byte of the address. This instruction when 


executed copies the contents of the accumulator into the pointed memory location. 
Accumulator contents are not destroyed. No flags are affected. 


Opcode Operand Bytes Machine Cycles T-states 

STA addr 3 4 13 

addr : 16-bit address 

Example : 

If accumulator contents are 19H then executing the instruction 
STA 2727H . 


Will copy 19H into the memory location 2727H. The contents of accumulator are not 
altered. 


1) LXI-LOAD REGISTER PAIR IMMEDIATE 


This is a 3-byte instruction first byte designates op-code and the register pair 
operand. The second and third byte specify a 16-bit data with usual convention of 
lower order byte first and higher order byte next. On execution this 16-bit data is 
copied into the designated register pair. No flags are affected. 


Opcode Operand Bytes Machine Cycles T-states 
LXIrp, data 3 | 10 
Ip : register pair 

rp can be any one register pair of the following. 

Indication Implied reg-pair 


B BC 
D DE 
H HL 
SP SP 


Data : 16-bit data 
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Example: 
LXI H, 2100 H will be written in the order (opcode), OOH, 21H. Upon execution H 
register will contain 21H and L register will contain will OOH. 


( Instruction LXI in this case ‘X? indicates there is a pair. Remember; if ‘xX? is 
present in any instruction that means there is a pair.) 


8) LHLD- LOAD H AND L REGISTER DIRECT 

This is also a 3-byte instruction. The first byte gives opcode. The second and third 
bytes specify a 16-bit address in usual convention of lower order byte first and higher 
order byte next. On execution the contents of memory location pointed by the 
specified address are copied into L register. The contents of the memory location next 
to specified location is copied into H register: Contents of these memory locations are 
not altered. No flags are affected. 


Opcode Operand Bytes Machine Cycles T-states 
LHLD addr 3 5 16 
addr: 16-bit address. 

Example : 


Assume memory location 2057H contains 55H and 2058H contains 25H then to 
transfer these to HL pair we will execute the instruction. | 
LHLD 2057H 
Then after execution of above instruction 
Register H will contain 25H and Register L will contain 55H 


9) SHLD - STORE H AND L REGISTER DIRECT 

This also is a 3-byte instruction. The first byte gives opcode. The second and third 
byte specify a 16-bit address in usual convention of lower byte first and higher order 
byte next. On execution the contents of L register are copied to the memory location 
pointed by the address specified in instruction and the contents of H register are 
copied to the memory location next to the specified location. Contents H and L 
registers are not altered. No flags are affected. | | 


Opcode Operand Bytes Machine Cycles T-states 
SHLD addr 3 5 16 
LHLD 2057 H . SHLD 3990 H 


\ 555 ae a 
2058 | 25H 


| 


Fig. (2.5) SHLD & LHLD Instructions 
addr : 16-bit address. 


rr 
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Example : 


Assume contents of HL register pair before execution as H= 21H, L= 16H 
After execution of the instruction SHLD 3990H 
We will have contents of memory location as refer fig.(2.5) 

Memory location Data 

3990H 16H 

3991H 21H 


10) XCHG - EXCHANGE H AND L WITH D AND E 

This is a single byte instruction. On execution of this instruction contents of H 
register are exchanged with contents of D register and contents of L register are 
exchanged with contents of E register. No flags are affected. . 
For this instruction the operands are implicit and no explicit operand is written. 
Opcode Operand Bytes Machine Cycles T-states 
XCHG none i 1 4 
Example: Suppose contents of HL register pair and DE register are as follows. 
Contents before execution of instruction: 


Register _ Data Register Data 
H : ASH L 70H 
D 25H E 90H 


But after executing the XCHG instruction the contents of these registers will be 
as follows. Contents of register after execution of XCHG instruction: 


Register Data Register Data 
H 25H L 90H 
D 15H E 70H 


11) IN-INPUT 8-BIT DATA FROM AN INPUT PORT TO ACCUMULATOR. 

This is the instruction which is included in the I/O instruction group. This is a 
two-byte instruction. First byte signifies the operation code for "input data from Port" — 
operation. The second byte gives the 8-bit port address. When this instruction is 
executed, the microprocessor sends the 8-bit port address on lower address bus AO- 
A7. It also duplicates this address on higher address bus A8-A15. Any one of the set 
i.e. lower or higher address bus, can be decoded to enable the input port. The 8-bit 
data is then inputted from selected port into accumulator. No flags are affected. 

In 8085 ports address can range from OOH to FFH. Which allows the user to have 
at the most 256 ports configured. 

Opcode Operand Bytes Machine Cycles T-states 
IN Inport 2 3 10 

Inport: 8-bit port address 
Example: Consider the instruction IN 5BH 
When this instruction is executed the microprocessor reads 8-bit data present at the 
Input port SBH. 
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12) OUT - OUTPUT 8-BIT DATA FROM ACCUMULATOR TO AN OUTPUT 

PORT 

This is the other instruction, which is included in the I/O instructions group. This 
also is a two-byte instruction. The execution of this instruction is similar to the 
execution of IN instruction except that the direction of data transfer in this case is 
from microprocessor to output port. In other words the 8-bit data in accumulator ig 
output on to the output port. As in the case of IN instruction the first byte signifies 
opcode and the second one informs the 8-bit output port address. No flags are 
affected. . 

Opcode Operand Bytes Machine Cycles T-states 
OUT Out port Z, 5 | 10 

Output port: 8-bit output port address. 


Example: Consider the instruction OUT 27H 
When this instruction is executed the contents of accumulator are output to the output 
port 27H. ; 

This completes the discussion of Data transfer group of instructions. In the 
next two sections we will try to write simple 8085 assembly language programs. We 
will see how to write a correct and systematically written language program. 


2.5 HOW TO WRITE AND EXECUTE A SIMPLE ASSEMBLY 
LANGUAGE PROGRAM | 


While working on a microprocessor we are required to write different programs 
very frequently. As you know now the microprocessor only understand, binary 
information in coded form, called machine code. Thus to think of writing a program 
we should have it written in machine codes. But writing direct machine code 
programs is not only tedious but also makes one uneasy and reduces program 
development speed. As a solution to this problem the instructions in programs are 
written not in direct machine code but are in mnemonic form. This is called assembly 
language. Once written in assembly language the program can be coded in machine 
codes (Machine language). 

To think of writing assembly language programs requires that the programmer 
follow the path of logical thoughts. A given task should be broken into subtasks and 
programming to carry out there subtasks can then be done independently. This is 
called modular design approach. 

Writing a program is equivalent to giving specific commands to the 


microprocessor in sequence, to perform a task. this process can be divided into 
following steps. 


Step 1: Read the problem carefully 

Step 2: Break it down into small steps 

Step 3: Represent these small steps in possible sequence with a flowchart 

Step 4: Translate each block in flowchart into appropriate mnemonic 
(assembly language) instructions 
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Ster *° Translate assembly language program to machine code (machine language). 
1 to 4 accounts for assembly language program development. 
Step 5 along with steps 1 to 4 accounts for the development of executable 


machine language program. 


[IJustration: We will now apply this approach to solve following problem. 

problem statement: Write a program in 8085 assembly language to load the contents 
of D register in C register and display the same at an output port FEH. 

problem analysis: The problem can be broken into following subtasks. 


Step no. Task 
1 Load register C with contents of D 
2 Output contents of D at O/P port FEH 


We now ask following questions for the step indicated. . 

a) For Step 1: Is there an instruction available to load register C with contents of 
register D | | 

Answer: Yes, Use MOV C, D 

b) For Step 2: Is there an instruction which will output contents of register D at 
output port FEH : 

Answer: No, so subdivide Task 2 as 

Task 2a Load contents of Din A 

Task 2b Output A to O/P port FEH 

For Task 2a use MOV A, D 

For Task 2b use OUT FEH 


Flowchart: : 
We now draw the flowchart symbolizing flow of actions to be taken. Following 


are the symbols used for flowcharts with their appropriate meanings. 


Load reg. C 
with contents of reg. D 


Load reg. A with 
contents of reg. D 


Output A on o/p port 
FEH 
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Program: | 
The final assembly language program can be written in a standard format this 
format includes following columns. 
a) Address 
b) Machine code 
c) Label 
d) Mnemonic gs : 
e) Operand 
f) Comments 
Normally columns c,d,e,f are prepared first and after coding the program columns 
a and be are completed. We will only write columns c,d and e,f. 


Label Mnemonic Operand Comments 
Start: MOV — C,D Load reg. C with reg. D contents 


MOV — A,D Load accumulator with reg. D contents 
OUT FEH ; Ouput Acc on FEH 
HLT - ; Stop processing 


Illustration: Program for data transfer from memory to memory. 
1. Write a program to transfer one byte of data from memory location 2005 H to 


4020 H 
Solution: 
Program: 
Label Mnemonic Operand Comments 
START LXIH, 2005 H ; Load HL pair with 2005 H 
MOV * AM. ; Transfer memory contents to Acc 
LXI H, 4020 H ; Load HL pair with 4020 H 
MOV M ; Transfer Acc to memory 
“HLT - ; Stop processing 


Important Note: Students should note that direct memory to memory data transfer 
instruction is not available in 8085. 


Exercises : 

i) Write a program in 8085 assembly language to store EFH in following registers 
Registers: B,C,D,H,L 
(Hint: use MOV and MVI instructions) 


li) Write a program in 8085 assembly language to copy contents of memory location 
3700 H to E register as well as to memory location 4700H 
(Hint: Use LXI H, MOV instructions) 
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Write a program in 8085 assembly language which will input one byte of data 
from input port 37H and store it at a memory location 3500H 
(Hint: Use IN, STA instructions) 


y) Write a program to output one byte stored at memory location 47FEH to the 


(Hint: Use OUT, LDA instructions) 


ii) 


vy) Complete the following program by adding appropriate comments to each 
instruction. 
Program Comment 
LXI D 3330 H - 
LXI H 2300 H - 
MOV A, M - 
OUT 39H - 
IN 49H - 
STAX D - 
HLT - 


16 ARITHMATIC GROUP INSTRUCTIONS 

As discussed earlier this group contains instructions, which allow arithmetic 
operations such as addition, subtraction, increment and decrement along with certain 
special instructions. Following are the instructions in this group. 


1) ADD-ADD REGISTER TO ACCUMULATOR | 

This is a single byte instruction with operand placed along with opcode in the 
code byte. The operand can be a register or a memory location pointed HL register 
pair. 

When this instruction is executed the contents of operand i.e. either register or 
memory location contents are added to the accumulator or the result is stored in 
accumulator. All flags are modified to reflect the result of addition. This addition is 
an 8-bit unsigned binary addition. The instruction has following formats. : 


Opcode Operand Bytes Machine cycles T-states 
ADD reg 1 ] 4 
ADD M J , p) 7 


reg: any one of the following registers | 
memory location pointed by contents of the HL register pair. 


Examples: 


: Consider the instruction ADD D 
et the contents of registers A and D before execution of above instruction be 


D=SIH A= 47H 
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On execution of the ADD D instruction following addition is carried out 


47H = 0100 0111 
+51H = 0101 0001 
98H = 1001 1000 


then sign flag = S = 1, (Since D7 bit of result is 1) 

Zero flag = Z = 0 (Refer table of flags) 

Aux Carry = AC = 0, Parity Flag = P = 0 Carry flag = C =0 

Thus contents of A,D and flags register, after the execution are as follows. 


J | s TZ x-ac [xX PT xc] 

A= 9H] 1[ol[o 0 [0 0| 
|D=SiH| | [Flags= [son | | 

Let contents of A,H,L registers before the execution of above instruction be 


b) Consider the instruction ADD M 
A=76H , H=25H, L =35H 


Let contents of memory location 2535 H be A2 H then after execution of ADD M 
A2 H will be added to 76 H and result will be stored in Accumulator. All flags will be 


affected according to result the contents will be 
AlwH {[S|[Z[x] ac [x]P[ XC] 
H2H lLolofol o [olivoli] 


L 35H Flag = 05H 


2) ADI-ADD IMMEDIATE TO ACCUMULATOR , 

This is a two by instruction. First byte gives opcode. The second byte is itself 
8-bit data. This immediate data is added to accumulator contents. Result is stored in 
the accumulator and all flags are modified. This type of addressing mode is termed as 


an immediate addressing. 
Opcode Operand Bytes Machine cycles T-states 


ADI data 2 y 7 


data: 8-bit immediate data. 


ACG 
: 
Nie 
ADI (4A +59) =A3H 
DATA ot 
BEFORE EXECUTION AFTER EXECUTION 
Fig. (2.6) 


ction Set of 8085 
Instruction 221 


ies ee 


Example: 
Let contents of A be 4A H. Consider the instruction ADI59H ° 


After execution of above instruction the contents of accumulator will be A=A3 H 
and flags will be 95 H (after converting flag contents in to Hex). 

|S] Z|x}|ac|x|P| xc! 
j1}olo] 1 Jojilfojot 


ADC —- ADD REGISTER TO ACCUMULATOR WITH CARRY 
This also is a one-byte instruction. The operand, which is placed along with 
de in the code byte, can be either a register or the memory location pointed by 
HL pair. On execution of this instruction, contents of operand and carry flag are 
added to accumulator and the result is stored in Accumulator. All flags are modified. 
This instruction is generally used for 16-bit addition. 


3) 


opco 


Opcode Operand Bytes ‘Machine cycles T-states 
ADC reg 1 1 | 4 
ADC M 4] 2 7 


reg: any of the following registers B, C, D, E, H, L, A 
M: memory location pointed by HL reg. pair 


Example: Let contents of Accumulator, Carry flag, B register, before the execution 


of the instruction ADC B be 
A=98H B=AIH Carry flag = 1 
When ADC B is executed we get the result stored in accumulator. A = 3A H & 


carry flag = 1 
ACG 


ACC. 
Diane 
CY | CY 
eld [oe 1 
B 


B 
BEFORE ADC AFTER ADC 
Fig. (2.7) 
UMULATOR WITH CARRY 


4) ACI-ADD IMMEDIATE TO ACC a 

This also is a two-byte immediate addressing mode instruction when it is 
executed, the 8-bit data (Second byte of instruction) is added along with carry to 
accumulator contents and the result is stored in accumulator. All flags are modified 
according to result. 
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Opcode Operand Bytes Machine cycles T-states 
ACI data 2 2 7 
data: 8-bit immediate data. 
Example: 


Let following be some of the register contents. 
A=26H Carry=1 
then after execution of the instruction | 
ACI 57 H. , ane 
the contents will A=7EH Carry flag = 0 | , 


“+ | SUB-SUBTRACT REGISTER OR MEMORY FROM ACCUMULATOR 

_ This is also a single byte instruction when executed, works almost same as ADD 
instruction except that in this case memory or register contents are subtracted from 
accumulator and the contents of source are unaltered. All flags are modified to reflect 
result of subtraction. CY flag is complimented after subtraction. 


Opcode Operand Bytes ~Machine cycles ' T-states 
SUB : reg 1 1 4 
SUB M 1 2 7 


reg: any of the following registers B, C, D, E,H, L, A 
M: Memory location pointed by HL pair 
Example: 
Consider the contents of Accumulator and register E before execution of the 
instruction SUBE 
Contents before execution 
A=40H= 01000000 and E=37H = 00110111 
‘1’scomplement= 1100 1000 
2’s complement = 1100 1000 +1 =1100 1001 
A+ E” = 0100 0000 + 1100 1001 =1 0000 1001 =09H 
CY =1 after complementing CY =0 
then when the instruction SUB E is executed a 2's complement subtraction is carried 
out as shown. 
If result is positive the carry flag is reset and the accumulator contains the result. 
If results negative the carry flag is set and the accumulator contains 2's compliment of 
the magnitude of result. In this case contents of Accumulator and carry flag will be 
A= 09 H Carry =0 


6) SUI-SUBTRACT IMMEDIATE FROM ACCUMULTOR 
This instruction is also a two-byte instruction. It uses the immediate addressing 
mode. The first byte gives opcode and second byte gives immediate data. The 


immediate data is subtracted from the contents of accumulator and the result is stored 
in accumulator. All flags are modified according to the result. The subtraction is a 2's 
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complement subtraction and the significant of result is same as that for the SUB 


iqstruction. 


Opcode Operand Bytes Machine cycles Hicrafan 
SUI data , 2 ; 
data: 8-bit immediate data , 
Example: 
ret the accumulator contents be 40 H. If we execute this instruction 


SUI 37 H 

then accumulator will contain 09 H with carry flag = 0 indicating that the result is 
positive. (Perform this subtraction by 2’s complement method) 

7) SBB-SUBTRACT SOURCE AND BORROW FROM ACCUMULATOR 

- This also is a single byte instruction. It subtracts contents of source and borrow 
from the accumulator contents. It is a 2's complement subtraction. Result is stored in 
accumulator. All flags are modified according to the result. The source can be either 
any of the registers or any memory location. The memory location to be used, as 
source should be pointed by HL register pair. The carry flag acts as borrow. 


Opcode Operand Bytes Machine cycles _ T-states 
SBB . reg | 1 4 
SBB M 1 . 2 7 


reg: any of the following registers B, C, D, E, H, L, A 

M: memory location pointed by HL pair 

Example: 

Let contents of Accumulator, D register and carry flag be 
A=37H, D=3FH and Carry= 1 

After execution of the instruction SBBD 

We get result in accumulator as A=F7H_ with carry flag = 1 

Carry flag set indicates that result in accumulator is negative and is in 2's complement 


form. 


8) SBI-SUBTRACT IMMEDIATE WITH BORROW 
This is a two-byte instruction using immediate addressing mode. The first byte is 
opcode and second byte is 8-bit immediate data. The immediate data and borrow is 
subtracted from accumulator contents. It is a 2's complement subtraction. The result is 
Stored in accumulator. The significance of result is same as that for SUI instruction. 
All flags are modified. 
Opcode Operand Bytes Machine cycles T-states 


SBI data 2 : 2 7 


data: 8-bit immediate data 
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Example: 


Consider the instruction SBI 20 H with initially set carry flag acting as borrow 
When executed it will subtract 21 H from accumulator contents and store the Tesult in 


accumulator. 


9) INR-INCREMENT CONTENTS OF REGISTER/MEMORY BY 1 

This is a single byte instruction when executed the contents of operand are 
incremented by 1. All flags except carry flags are modified. The operand can be any 
of the register or a memory location pointed by HL register pair. 


Opcode Operand Bytes Machine cycles T-states 
INR reg 1 1 45 


INR M 1 3 10 


reg: any of the following registers B, C, D, E, H, L, A 
M: memory location pointed by HL pair , 


Example: 
Let contents of E register be E=2FH 0010 1111 
If we execute the instruction INRE + 1 


00110000 =30H 


then the modified E register and flags will be as follows 
E=30H=0011 0000 Flag = 14H 


Flags |0 [0 |o [1 [o [i [0 [TONIC | C=NC=last state 
S |Z |x [ac [x [Pp [x [c | 


10) DCR-DECREMENT SOURCE BY 1 
This is also a single byte instruction, when executed will decrement the contents‘ 


of source by] .All flags except carry are modified. The source can be any register or 
memory pointed by HL pair. | 


Opcode Operand Bytes Machine cycles T-states 


DCR reg I 1 4 
DCR  M 1 : 3 10 


reg: any of the following registers B, C,D, E, H, L, A 


Example: 
Contents of Accumulator Contents of Accumulator 


before execution A 55H and flag after execution A 54H 
| Flags [001 X| 0 |X [0] X[NC 
S[z] Tac] [Pp]? [c. 
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| INCREMENT REGISTER PAIR BY 1 


i) This is a single byte instruction. Which when executed increments the 16-bit 
contents of operand register pair by 1. No flags are affected. This is also called as 
extended increment. 


Opcode Operand _Bytes Machine cycles _T-states 
INX ip i 1 6 
ee any of the following 16-bit operand (reg. pairs) 


then after INXH HL =3000H (29FF+1 = 3000H) 


(Remember: The difference between INR and INX: INR is used for register and INX 
is used for register pair. X represents Pair ) 


12) DCX-DECREMENT REGISTER PAIR BY 1 
This also is a single byte extended decrement register. It decrements the 
contents of operand (16-bit) quantity by 1. No flags are affected. 


| Opcode Operand - Bytes Machine T-states 
| cycles 
DCX Ip ne | 1 6 


rp: same significance as rp in INX instruction 


eg if BC = 40 01H : 
then after DCKB BC =4000H (4001-1 = 4000H) 


13) DAD-ADD REGISTER PAIR TO H AND L REGISTERS 

. This is also a single byte instruction. It adds 16-bit contents of specified 
Gperand to 16-bit contents of H and L register pair. The result is stored in H and L 
register pair. Only carry flag is affected. No other flags are affected. Carry flag sets 
when result is greater than 16-bit number. This instruction is also called as double add 


instruction. Contents of operand are unaffected. 


Opcode  Operand Bytes Machine cycles __T-states 
DAD rp 1 3 10 
Ip: reg. pair operands same as rp for INX instruction 
Example: 


Assume contents of HL pair and SP as follows 


S= 23H P=23H 
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If we execute the instruction DAD SP then modified contents of H, L and SP are as 


follows. 


H=33H L=33H carry flag is reset 


S=23H P=23H no other flags are affected 


Fig. (2.8) Idea of DAD instructions 


14) DAA-DECIMAL ADJUST ACCUMULATOR 


This is a special arithmetic instruction. It adjusts binary contents of accumulator 
to two 4-bit BCD digits. This is the only instruction which uses Auxiliary carry (AC) 
flag for code adjustment. The CPU uses the flag internally. All flags are modified to 
reflect the result of execution. The adjustment process is as follows. The important 
condition is that this instruction must always follow an addition instruction for two 
BCD numbers. Thus it adjusts the sum of two BCD numbers to BCD and does not 
convert a binary number to BCD. Also it cannot be used to adjust results after 


subtraction. 
The adjustment procedure is as follows 
1) Carry out BCD addition — previous instruction. 


2) If only lower nibble of accumulator is greater than 9 or if AC flag is set add 


06 to lower nibble. 


3) If only higher nibble of accumulator is greater than 9 or if C flag is set add 


06 to upper nibble. 


4) If both upper and lower nibbles are greater than 9 or AC and C flags are set 


respectively then add 66 to the accumulator contents. 
Opcode Operand Bytes Machine cycles 
DAA - 1 1 


no emplicit operand. 


Example: 
a) Let us add 12 BCD to 39 BCD 
39BCD = 0011 1001 
+ 12BCD = 0001 0010 
51BCD = 0100 1011 


T-states 
4 


on Set of 8085 227 


nary quantity (sum) is 4 BH We views that conditions 1 and 2 applies so add 


qhe bi ipble 
wer nibble. 
06 to 10 4B = 0100 1011 
+ 06 = 0000 0110 
sj a! 6101 0001 


Thus accumulator contents are adjusted to BCD value. 


,) Let us add 68 BCD to 85 BCD 
68BCD = 0110 1000 
+ 85BCD = 1000 0101 
Sse eae 8 ee 
I53BCD= 1110 1101 
E D 


In the accumulator binary sum is EDH. We view that conditions 1 and 4 are fulfilled 
so we add 66 H to EDH. 


EDH = 1110 1101 

+ 66H = 0110 0110 

ee 
1583BCD = 10101 ° 0011 
155 3 BCD 


Thus accumulator contents are adjusted to BCD. 
This completes the arithmetic group instructions. 


2.7 ILLUSTRATIONS AND PROGRAMMING EXERCISES 
Three number addition: Write an assembly language program to add three 
numbers stored in consecutive memory locations starting from 1005 H and store the 


sum in next memory location. 


Program: 
Label Mnemonic Operand | Comments 

LXIH, 1005 H - set HL pointer 
MOV A,M - load first number in Acc 
INX H - increment HL | 
ADD M - add second number to first 
INX H - increment HL 
ADD M - add third number 
INX H - increment HL 
MOV M, A - store sum in memory 


stop processing 
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EXERCISES a 


1) Write a program to subtract 16-bit binary number stored in B-C pair from 16-bit 
binary number stored in D-E pair store the result in H-L register pair. 

2) Write a program to subtract 23 H from 7EH. Store the result at a memory location 
712FH. 

3) Write a program to add a byte data inputted from port 29H to the contents of 
accumulator and output the results on port 39H. 

4) Write a program to add a 16-bit number stored in memory locations 1600H and 
1601H (with lower byte first) to 16 bit number stored in DE pair. Store the results 
in HL register pair. _ 

5) Write a program to add 13 BCD to 29 BCD store the results in L register (in BCD 

form). 


2.8 LOGICAL GROUP INSTRUCTIONS 

As seen earlier these instructions allow logical operations to be carried out. 
Logical operations such as ANDing, ORing, XORing, inverting etc. are allowed in 
8085. | 

Following is detailed explanation for each of these instructions. 


1) ANA-LOGICAL AND WITH ACCUMULATOR 

This is a single byte instruction, which carries out logical ANDing of the contents 
of operand with the contents of Accumulator. The result is stored in accumulator 
itself. 

Logical operations on 8-bit quantities are defined as 8 operations on respective 
bits. These 8 operations are independent. 

S, Z, P flags are modified to reflect the result carry flag is reset and AC flag in set. 


Opcode Operand Bytes = Machine cycles T-states 
ANA reg ] 1 4, 


ANA M 1 2 7 


reg: any of the following registers B, C, D, E, H, L,A 

M: memory location pointed by HL pair. 

Example: | 

The contents of accumulator and the register D are 54 H and 82 H, respectively. 
If we execute the instruction 


ANA D 
The accumulator contents will be as follows: 
A =54H 0101 0100 
AND | 
D =82 H 1000 0010 


Ace = AD <= 0000 0000 =00H 
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cumulator contents after ANDing are 00H. Ao is ANDed with Do and so on 


ANDed with D7. 
tion is used to mask required bits during programming. 


Thus ac 
upto Az 
This instruc 


QRA-LOGICALLY OR WITH ACCUMULATOR 
This single byte instruction carries out logical ORing of the contents of operand 
tents of accumulator. The result is stored in accumulator itself. S, Z, and P 


con 
“i are modified according to the result and AC and CY flags are reset. 
Opcode  Operand - Bytes Machine cycles T-states 
ORA reg ‘1 1 4 
ORA M 1 2 7 


reg.: any of the fcllowing registers B, C, ,D E, H, L, A 
M: memory location pointed by HL pair. 


Example: Consider ORA B 
Contents before execution Contents after execution 


flags S=1, Z=0, P=1, AC=0, CY=0 


BAH =1011 1010 
11H =0001 0001 
ORAB = 1011 1011=BBH flag = 1000 0100 = 84H 


3) XRA- EXCLUSIVE-OR WITH ACCUMULATOR 
This is a one-byte instruction. It makes EX-Oring the operand contents with 
Accumulator. The result is stored in Accumulator S, Z, P flags are: modified 


according to result. CY and AC flags are reset. 


Opcode § Operand Bytes Machine cycles T-states 
XRA reg 1 ] 4 
XRA M 1 2 7 


reg.: any of the following registers B, C, D, E, H,.b;A 
M: memory location pointed by.HL pair 
ACC 


ACC | 
00111001 F eee 
i 2 
00111001 


ACC 
Fig. (2.9) Idea Of XRA A 


> | 
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.Example: i) Consider XRAB 
Contents before execution Contents after execution 
A AAH A FFH 
B 55H H 55H 


flags S=1, Z=0, P=1, AC=0, CY=0 
AAH =1010 1010 * 
55H__=01010101_ 
XRAB = 1111 1111= FFH flag = 1000 0100 = 84H 


li) Consider XRAA as shown in fig.(2.9) if A= 39H then after XRAA it 
makes accumulator clear 


3) CMP-COMPARE WITH ACCUMULATOR 

This is a single byte instruction. This instruction compares the contents of the 
operand (reg/memory) with the contents of accumulator. Both contents are preserved 
and a result of comparison is shown by setting the flags as below. 

a) If[A] <[reg/memory] then Carry flag is set. 

b) If [A]= [reg/memory] then Zero flag is set. 

c) If [A] > [reg/memory] then both Carry and Zero flags are reset. 

Note: [A] means contents of accumulator thus "[ ]" sign indicates "contents of ". 
In addition to Z and carry the other flags S, P, AC are also modified. 


Opcode  Operand Bytes Machine cycles T-states 
CMP reg 1 1 4 


CMP M 1 2 7 


reg.: any of the following registers B, C,D E, H, L,A 
M: memory location pointed by HL pair. 


Example: Consider the instruction CMPL 
We will view different cases for different values of A and L 
After execution 
Case Contentsof Contents of Carry flag Zero flag 
L 


No. A 

1 ISH 57H | 0 
Z 25H 25H 0 1 
3 35H 17H 0 0 


4) ANI-AND IMMEDIATE WITH ACCUMULATOR 

This is a two byte instruction. It uses immediate addressing mode. The second 
byte acts as an 8-bit immediate data. It is logically ANDed with the contents of 
accumulator. The result is stored in accumulator S, Z and P flags are modified to 
reflect the result in the accumulator. Carry flag is reset, AC flag is set. 
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ee 
Opcode Operand Bytes Machine cycles T-states 
ANI data 2 2 7 


fata’ g-bit immediate data. 


ample: The instruction ANI 3FH when executed, will store the result of ANDing 
sf with accumulator in accumulator. 


5) ORI-OR IMMEDIATE WITH ACCUMULATOR 

This also is a two byte instruction. It uses immediate addressing mode. The 
second byte is immediate 8-bit data. This data is logically ORed with the contents of 
the accumulator. The result is stored in the accumulator itself. S, Z, and P flags are 
modified to reflect the result in accumulator. Carry and AC flags are reset. 


Opcode Operand Bytes Machine cycles T-states 
ORI data 2 2 7 


data: 8-bit immediate data. 


Example: The instruction ORI4CH when executed, will OR the contents of 
accumulator with ACH and will store the result in accumulator. 


6) XRI-XOR IMMEDIATE WITH ACCUMULATOR 

This is again a 2-byte instruction using immediate addressing mode. The second 
byte which is immediate data is XORed with accumulator contents and result is 
stored in accumulator itself S, Z and P flags are modified to reflect the result in 
accumulator, carry and AC flags are reset. | 


Opcode Operand — Bytes Machine cycles T-states 
XRI data 2 2 7 


data: 8-bit immediate data. 


Example: The execution of the instruction XRI FFH will store the result in 
accumulator, the result obtained by XORing accumulator contents with FFH. 


7) CPI-COMPARE IMMEDIATE WITH ACCUMULATOR 

This instruction is a two byte instruction utilizing immediate addressing mode. 
The execution of this instruction is very much similar to CMP instruction. The only 
difference being that in CPI instruction the immediate data is compared with 
accumulator. 

S, P, AC flags are also modified in addition to Z and carry flag which reflect the 
result of comparison. 
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Opcode Operand Bytes Machine cycles T-states 
CPI data Z 2 7 


8) CMA-COMPLEMENT THE ACCUMULATOR 
This is a single byte instruction. When executed this instruction complements the 
accumulator contents. The result is stored in accumulator itself. No flags are affected. 
Opcode Operand Bytes Machine cycles T-states 
CMA - 1 1 4 


Examples: a) Consider the accumulator containing 57 H 

A= 0101 0111 
On execution of the instruction CMA the accumulator contents will change to 

A= 1010 1000 

ie. A=A8H 3 . 
b) Write a program to find 1's complement of the number stored in memory location 
65B0 H and store the result in memory location 6651H. - 


Program: 
Label Mnemonic Opreand Comments 
LDA 65B0H ; Load datain Acc 
CMA. - ; Complement Acc 
STA 6651 H ; Store result in memory 
HLT - ; Stop processing 


9) CMC-COMPLEMENT CARRY 
This also is a single byte instruction. When executed it complements the carry 
flag. No other flags are affected. 


Opcode  Operand Bytes Machine cycles T-states 
CMC - 1 1 4 


10) STC-SET CARRY 
This is also a one-byte instruction. When executed it sets the carry flag to 1. No 
other flags are affected. . 
Opcode Operand Bytes Machine cycles T-states 
STC - 1 1 4 


11) RLC-ROTATE ACCUMULATOR LEFT 
This is a single byte instruction. It is used to rotate each binary bit in accumulator 
to left by one position. Bit D7 is placed in bit position Do as well as in the carry flag. 
No flags other than carry flag are affected. 


Opcode Operand Bytes Machine cycles T-states 
RLC - ] 1 4 


"| 
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an be represented as follows: 


this operation © 


RLC 
Fig. (2.10) RLC INSTRUCTION 
Example: — 
Let contents of Accumulator be 83 H Let Carry = 0 
, D7 ; Do 
(2 De Tere rere ret 
arry 


the instruction RLC then the accumulator and carry will be as follows: 


D7 Do 
i To [olofTofolifili) 
arry 


Thus A = 07 H and Carry = 1 


If we execute 


12) RRC-ROTATE ACCUMULATOR RIGHT 
This is also a single byte rotate instruction. It is used to rotate each binary bit in 


accumulator to right by 1 position. Bit Do is placed in bit position D7 as well as in 


carry flag. No other flags are modified. 
Opcode Operand Bytes Machine cycles T-states 
ip 


RRC - 1 1 


Example: This operation can be represented as follows 
Let contents of accumulator be 83 H. Let carry be 0 
CARRY D, 


D, D, D, D, D, D, OD, 
Fig. (2.11) RRC INSTRUCTION 
Dj Do 


Carry 
Po). lel 10 010 L001 [1 


en contents of accumulator and carry will be as 


D7 Do 
iJo[olfolojo}i| 


Carry Thus A=Cl1H Carry = 1 


If we execute the instruction RRC th 
follows 
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13) RAL-ROTATE ACCUMULATOR LEFT THROUGH CARRY 

This instruction is also a one byte instruction. It rotates ech binary bit of 
accumulator left by one bit position through carry flag. No other flags are modified. 
D7 is moved to carry and carry is moved to DO. 


Opcode Operand Bytes Machine cycles T-states 
RAL - 1 1 | 4 


This instruction can be represented as follows: 


Fig. (2.12) RAL INSTRUCTION 


Example: 
Let contents of accumulator be 83 H. Let carry be 0. 


After execution of the RAL instruction, 
We get following in Accumulator and carry flag. . 


i.e. A = 06 H and Carry = J 


14) RAR-ROTATE ACCUMULATOR RIGHT THROUGH CARRY 
This is an instruction, which rotates the accumulator contents to 1 bit position right 


the carry i.e. 

Do goes to carry and carry goes to Do. No other flags are affected. 
Opcode Operand Bytes Machine Cycles T-states 
RAR - ] : * 4 
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CARRY D, 


D, D, D, D, D, D, D, 
Fig. (2.13) RAR INSTRUCTION 
This instruction can be represented as follows. 


Example : 
Let A = 83 H Carry =0 


Carry D7 Do 
0 10000011 
On execution of RAR 7 
Carry D7 : Do 
1 01000001 


A=41H Carry = 1 


This completes the discussion of Logical group instructions. 
These instructions CMC, STC, CMA are sometimes called special instructions. 


2.9 BRANCHING CONTROL GROUP OF INSTRUCTIONS - 
JUMP INSTRUCTIONS | 
As we have seen conditional jump and unconditional jump are the branching 
instructions. These are as follows. : 


1) UNCONDITIONAL JUMP - JMP | 

This instruction is a three-byte instruction. First byte is opcode, second 
byte is lower order address for branching and the third byte gives higher order 
address byte for branching. When this instruction is executed the program control 
is unconditionally transferred to the branch address given in instruction. Such an 


instruction allows user to set up unconditional loops. No flags are affected. 


Opcode Operand Bytes Machine Cycles T-states 
JMP addr 3 3 ; 10 


Addr. 16 bit branch address 
Example 


The instruction JMP 3500H when executed will transfer the program control to 
the memory location 3500 H. . | 
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2) CONDITIONAL JUMP INSTRUCTIONS 


These are also 3 byte Jump instructions. The second and third byte 


gives branching address with same significance as that for in conditional jump 
instruction. The only difference between conditional and unconditional branch is 
that conditional branch instruction first checks a certain condition. If condition is 
true then only branching takes place else program continues in same sequence, 
No flags are affected. Following are the conditional jump instruction. 


Opcode Description Required status of flag for jump to be 
taken 
aC Jump on Carry CYy=1 
JNC Jump on No Carry CY=0 
JP Jump on Positive S=0 
JM Jump on Minus S=1 
JPE Jump on parityeven P=1 
JPO Jump on odd parity | P=0 
JZ Jump on Zero Z=1 
JINZ Jump on no Zero Z=0 
For all these instructions operand is 16-bit branch address. 
2.10 EXERCISES 
1) Write a program which will read 10 bytes from port 7EH one after and will 
output the sum of these bytes on port 8EH. | 
2) Write a program, which will fill memory locations 2900H to 29FFH with the 
' data present at input port 77H. 
3) Write a program to find how many memory locations from 3900H to 39FFH 


4) 


5) 


contain 00H. The number should be stored at the memory location 4000H. 


Write a subroutine which will wait till MSB of the data inputed from port 11H 
gives high. Gn MSB going high it should Output a FFH at port 12H. 


Write a subroutine to multiply an 8-bit number stored at 1500H with 12H and 
store the result in HL register pair. 
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The stack in an 8085 based microprocessor system can be described as a set of R/W 

memory locations, specified by the program in the mair? program. These memory 
jocations are used to store binary information (bytes) temporarily during the 
execution of a program. 
The beginning of the stack is defined in the program by using a LXI SP instruction 
which loads 16-bit memory address in stack pointer register of the microprocessor. In 
3085 when we initialize stack pointer then storing of data bytes begins from a 
jocation with a address one less than the SP contents. And as we go on storing more 
and more data SP goes decrementing. Thus the stack grows from higher address to 
lower address. Therefore normally while writing 8085 programs users initialize SP at 
the highest available user R/W memory locations. 

The size of stack is thus only limited by the available memory. 

In 8085 we have following instruction to store the data and retrieve it back from 


stack. 
a) PUSH To store operand contents on stack. 
b) POP To load from stack into operand. 


We will discuss these instructions in detail in forthcoming section. 
One of the important uses of stack is done while executing a subroutine, But 


what exactly is a subroutine? Let us now see what does a subroutine exactly means 


and how it is executed. 


2.12 SUBROUTINE 
A subroutine is a group of instructio 
perform a function that occurs repeate 


the same delay instructions, the subrouti 
he main program. The main program w 


ns written separately from the main program to 
dly in the main program. To avoid repetition of 


ne technique is used. Delay instructions are 
hen required 


written once only separate from t 

then calls these. & 
The 8085 microprocessor has two types of instructions to implement 

subroutines. 


a) CALL instructions: These are conditional and unconditional calls. These 
instructions are used to call a subroutine. —_ | 

b) RETurn instructions: These are conditional and unconditional returns. These 
instructions are used to return from a subroutine to main program. 


mata location where you wish to 


The call instruction is written in the main progra ) 
ritten at the end of the subroutine 


execute the subroutine. The return instruction is w 

Indicating end of subroutine. 
When CALL instructio 

address of instruction following CAL 


ontents of program counter L.€, 


n is executed the c 
k and the program control 


L are stored in the stac 
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is transferred to subroutine. On completing the execution of subroutine the RET 
instruction is executed which loads back the stack contents i.e. address of the 
instruction following CALL instruction, in program counter. Thus the main ‘program 
execution is resumed. | 


In the next section we will see subroutine control instructions in the 
branch control group. : 


MAIN 
— CALL SUBROUTINE 
RET 


MAIN 


Fig. (2.14) Idea of Subroutine 
2.13 BRANCHING CONTROL GROUP INSTRUCTIONS 


1) UNCONDITIONAL CALL - CALL : 

This is a 3-byte instruction that transfers the program sequence to a subroutine 
address. First byte is opcode and second and third bytes give the subroutine address. 
On execution the address of the instruction following CALL is stored in stack. It 
decrements SP by two. It then jumps unconditionally to the subroutine address. This 


instruction is accompanied by a return type instruction at the end of subroutine. No 
flags are affected. 


Opcode Operand Bytes 
CA, addr . 3 
addr : 16 bit subroutine address 


Example : 


Consider the following program sequence starting from memory 2000 H. Let there be 
a subroutine from 3000 H ; 


Main Subroutine 
2000 CALL 3000 H 3000 MOV C,A 
2003 MOV A,C 3001 IN 23 H 


3003 RET 
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ae xecutin CALL 3000 H the address of the MOV A,C instruction i.e. 2003 H 1s 
sored in stack and program control transfers to address 3000 H. On executing RET, 
tack contents are loaded in PC and main program execution resumes. 
CONDITIONAL CALL INSTRUCTIONS 
These are also 3-byte call instructions but are conditional meaning that they 
ok a certain condition and the subroutine is called only when the condition is true. 


me are affected. 


No flags 


Opcode 


Description Required status of flags 


for Call to be executed 


3)UNCONDITIONAL RETURN - RET 


n indicates end of subroutine and transfers 
a single byte instruction. On execution it 
f instruction next to CALL into PC and 


As seen earlier a return instructio 
the control back to main program. This is 
loads two byte from stack i.e. address 0 
increments SP by two. No flags are affected. 

Opcode -Operand Bytes Machine Cycles T-states 
RET --- 1 3 7 10 


3) CONDITIONAL RETURN INSTRUCTIONS 
These are also one-byte instructions indicating end of subroutine on checking 


: certain condition and finding it true. Thus the control is transferred to main program 
n the same manner as for unconditional return only when condition is true else the 
gs are affected. | 


Su bh e e ° e 
broutine execution is maintained. No fla 


440 


Opcode Description 
for Call to be executed 


ua a 
[RE [Retin cay 
a zs 


4) RESTART INSTRUCTIONS —- RST 

We have seen the use and functioning of interrupts. We know that on giving 
the 8085 an interruption the pin INTR (Pin No.10) the microprocessor fetches the 
Interrupt service Routine (ISR) branch address from data bus. For this we should 
externally provide the instruction. RST instructions are one of the instructions, which 
can be used to transfer the control to ISR. These are 8 different RST instructions 
RSTO to RST7. These are all one byte instruction. In execution they are similar to call 
instruction with a predefined subroutine address obtained from the number associated 
with RST. » ) 

As a rule if n is the number associated with RST then the subroutine or ISR 

address is 8n. No flags are affected. 


These instructions can be used in software to generate interrupts thus these are 
also called software interrupts. : | 
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Required status of flags 


Z 


Opcode Operand ‘Bytes Machine Cycles . T-states 


RST n 1 3 12 
n = any no. from 0 to 7.This completes the subroutine control instructions. 


2.14 MACHINE CONTROL GROUP OF INSTRUCTIONS | 
These operations include 3 
a) Stack Operations. 


b) Interrupt Control Operations. 


c) Machine Control General Operations Such as Halting CPU etc. 


| — 
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A) sTACK OPERATION INSTRUCTIONS _. 
We have seen the use of stack, we now see the instructions, which allow one 
ore data on stack and retrieve it back. We will also see some data transfer 


st : ‘ 
. ctions involving stack pointer (SP). 


jnstru 
PUSH - PUSH REGISTER PAIR ON STACK 

This is a single byte instruction. The contents of the register pair specified in 
the operand are copied into the stack in the following sequence. 


a) The stack pointer is decremented and the contents of higher order register in 
pair (such as B in BC pair, D in DE pair) are copied on stack. 

b) The stack pointer is decremented again and contents of lower order register 
are copied on the stack. No flags are modified Contents of register pair are 


1) 


unchanged. 
Opcode Operand Bytes Machine Cycles T-states 
PUSH rp 1 3 12 


rp : register pair any one of the following. 


rp Pair Name 
High Byte Low Byte 
-B B C 
D D E 
H H iL 
PSW A.  #-F 
A: Accumulator F: Flag register PSW : Program status word. 


Example: PUSH D 

Will push contents of DE pair 

LettD=15H& E=23H Let SP = 2300 H | 
Then after executing PUSH D we will get following contents in SP and stack. 


SP = 22FE 


Fig. (2.15) Push Instructions 
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2) POP - POP OFF STACK TO REGISTER PAIR 
This is a single byte instruction. On execution copies two top bytes on stack to 
designated register pair in operand. The execution follows the sequence given 
below. 
a) Contents of top most location of stack called stack top are copied into lower 
register (such as C in BC etc) of the pair. The SP is incremented by 1. 
b) Contents of the stack location pointed by SP are copied into higher register of 
the pair. The stack pointer SP is incremented by 1. 
No flags are affected. Contents of stack are unchanged. ° 
Opcode Operand Bytes . Machine Cycles T-states 
POP Ip 1 3 10 
rp : Same as rp for PUSH instruction. 


Example : 
Consider SP = 22FE H with following contents stored on stack. 


On execution of instruction POP H the contents of H, L, SP will be as shown in - 
fig.(2.16) | 


SP = 22FE STACK | SP = 2300 


SP 


H=24H L=10H 
BEFORE EXECUTION AFTER EXECUTION 


Fig. (2.16) POP Instruction 


ents of memory location 
are affected. 


Opcode _ Operand Bytes Machine Cycles T-states 


XTHL -- T 5 16 
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Example : 
Consider following stack contents and HL pair contents. 

Stack 
H=26H L=15H ABH SP 

CDH es 
On execution of the instruction XTHL the contents of HL pair and stack are as 
follows. Pg 

Stack. 
H=CDH L=ABH 15H SP 
| 26 H 


4) SPHL - COPY H AND L REGISTER TO SP 

This is a single byte instruction which copies contents of L register into lower 
byte of SP and contents of H register into higher byte of SP. The contents of H and L 
registers are unaffected. No flags are affected. 


Opcode Operand Bytes Machine Cycles T-states 
SPHL -- 1 1 «6 


B) INTERRUPT CONTROL OPERATIONS 

These instructions allow masking, enabling and disabling of interrupts. In 
addition the masking instruction allow serial I/O to be carried out. Pollowing are the 
instructions in this group. 


1) SIM — SET INTERRUPT MASK 

This is a single byte multipurpose instruction it allows setting of masking of 
interrupts and serial output. It uses accumulator contents for this purpose. 
Accumulator contents are interpreted as follows : 


D7 D6 DS D4 D3 D2 DIL DO 
SOD SDE X R7.55 MSE M75 M65  M5.5 
Serial Serial data Reset Mask Mask respective interrupt 
Output enable ~ Int 7.5 enable if bit set to 1 
Data 1 = enable flipflop if 1 0 = disable 
Opcode Operand Bytes Machine Cycles T-states 


SIM 7 1 1 4 
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2) RIM — READ INTERRUPT MASK 

This also is a single byte instruction, which is used for reading interrupt masking 
information as well as serial data input. It utilizes accumulator contents for that 
purpose. The significance of accumulator contents is as follows. 


D7 D6 DS D4 D3 D2 ODzi1 DO 

SID 17 16 15 IE 7.5 6.5 3.) 

Serial Bit=1 indicates pending Interrupts 1=interrupt masked 

Output interrupt enabled O=interrupt not masked 

Data if 1 

On execution the contents of accumulator reflect respective conditions as above. 

Opcode - Operand Bytes Machine Cycles T-states 
RIM -- d F 1 4 


3) EI - ENABLE INTERRUPT INSTRUCTION 
This is a single byte instruction. On execution interrupt enable flip flop is set 
and all interrupts are enabled. No flags are affected. : . 
Opcode Operand Bytes Machine Cycles T-states 
EI —_— 1 1 4 . 


4) GENERAL MACHINE CONTROL OPERATIONS. 
These are for CPU halting, no operation etc. Following are the instructions. 


1) PCHL - LOAD PROGRAM COUNTER WITH HL REGISTER PAIR 
CONTENTS. — 
This is a single byte instruction. It copies contents of HL, pair into PC. 

The result is equivalent is to 1-byte unconditional jump with address stored in HL 

pair. No flags are affected. , ; 
Opcode Operand .___ Bytes Machine Cycles T-states 
PCHL -—- ] | 4 


2) NOP-NO OPERATION 

This is a single byte instruction. On execution no operation is performed only 
instruction is fetched and decoded. No flags are affected. It can be create time 
delays using loops. | 


3) HLT - HALT AND ENTER WAIT STATE 
This is a single byte instruction. After completing its execution CPU goes to a halt 
state halting further execution. Wait states are inserted in every clock cycle. 
During Halt CPU maintains register contents. But tri-states address and data lines. 
An interrupt or reset is necessary to exit from Halt state. 

This completes machine control group instructions. 


| ia 
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SOLVED PROGRAMS 


1) Write a program segment to add three byte integer in register EHL from another 
three byte integer in BCD. The result should be placed in BCD registers keeping 


the integer in EHL undisturbed. 


Solution : 


(March 88 — 5 Marks) 


Label Mnemonic and Operand Comments 
AAD3 MOV.A, D least significant byte 
ADD L add without carry (D + L) 
MOV D, A result in D 
MOV A, C middle byte 
ADC H add with carry 
MOV C,A | 
MOV A,B most significant byte 
ADC E add with carry (B + E) 
MOV B, A 
HLT 
2) Write a program segment to count number of odd data bytes in the block of 
memory from 1300 H to 13FFH and output on port 11H. (5 Marks) 
Label Mnemonic and Operand Comments 
STC 
CMC. ; Clear carry 
LXI H, 1300 H - Set HL pointer to 1300H 
MVIB, FFH - Set location counter to FFH 
MVI C,00H : Set odd bytes counter to OOH 
Again MOV A,M ; get data from memory. 
RAR 
JNC Skip Check odd or even 
INR C if odd byte counter increments 
Skip INXH increment memory pointer 
DCR B 
JNZ Again Checks if 235 bytes are checked. 
MOV A,M Loads 256" byte if 255 bytes are 
checked 
Checks odd or even 
an _ If odd, increments odd . 
Next MOV A,C byte counter and copies it to 
OUT 11H accumulator which is then output 


to output port 11H. 
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Flowchart: 


START 


Set memory pointer 
and location counter 


Set odd bytes counter 
a to zero 


Get data from memory 
: Yes 
ins Increment odd bytes counter 


Data odd? o 


decrement location counter 
& increment memory pointer 


is 
location counter 
zero? 


Yes 


Output odd bytes 
counter on output port 


STOP 
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Compare the contents of BC register pair with that of DE pair send data AAH on 
output port B if they are equal otherwise status of the port should be kept 
unchanged. Write a subroutine to achieve above task. Assume the port B is | 


3) 


initialized for output. (Oct 89 - 5 Marks) 
Solution 
Label Mnemonic and Operand Comments. 
Start XRA A ; Clear Acc 
MOV A,C ; Copy C to accumulator 
CMP E ; Compare acc.with E reg. 
JNZ Finish ; If not equal end the routine 
MOV A,B © : Copy B to accumulator 
CMP D ; Compare acc with D reg. 
JNZ finish - ; if not equal end the routine 
MVIA, AAH ; Load A with AAH 
OUT PB : ; Output AAH on port B as BC 
pair | 
; contents equals DE pair 
contents 
Finish RET ; Return from subroutine. 


4) Write a program segment using appropriate ‘rotate’ instruction to divide the 
number in BC register pair by 2. The quotient should remain in BC register pair. 
| (Oct 88 — 5 Marks) 


Solution : :; 
Label Mnemonic and Operand Comments 
STC 
CMC ; Set carry to 0 
MOV A,B. 
RRC ; carry to MSB and LSB of 
higher 
order 
MOV B,A 
RRC ? sreminder to carry 
MOV C,A 
Verification : ) 


If B=0110 1000 =68H 
C=0010 0100 =24H 
After RRC B=0011 0100 (68+2=34H) | 
C=0001 0010 =12H (24+2=12H) 
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5) The accumulator contains the data 76 H and the register L contains the data A6H. 
What will be the contents of accumulator in hex after execution of each of the 
following instruction independently. | 

1)ORAL ii)ANAL iii)RRC iv)XRAL_ v) ADDL 
‘(March 89 — 3 Marks) 
i) ORAL . 
A =76H=0111 0110 
L =A6H = 1010 0110 


A+L=F6H=1111 0110 Thus after execution A = F6 H 


ii) ANAL 
A =76H=0111 0110 
L =A6H = 1010 0110 


‘A.L=26H=0010 0110 Thus after execution A = 26 H 
iii) RRC 

A =76H=0111 0110 

After RRC 

A =0011 1011 3BH and carry = 0 

iv) XRAL 

A =76H= 0111 0110 

L =A6H= 1010 0110 

A®L=DOH=1101 0000 Thus after execution A = DO H 
v) ADDL. : 

A =76H= 0111 0110 

L =A6H= 1010 0110 


A+L=1CH=10001 1100 Carry =1 
Thus after execution A= 1C H Carry = 1 


6)Multiply the 16 bit unsigned number in memory location 3340 H by the 8-bit 
unsigned number in memory location 3341H.Place the result in memory location 
3342H and 3343H such that 8 LSB’s are in 3342H and 8 MSB’s are in 3343H. 


(March 89 —5 Marks) 
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Solution : 

Label Mnemonic and Operand 
LHLD 3340 H 
XCHG 
LXIH, 0000H 
MOV B, D 
MVID,00H 
DAD, D 
DCRB 
JNZ Repeat 
SHLD 3342H 


Repeat 
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Comments 
; get first byte in H and second in L 
; get first byte in D and second in E 
; Clear HL for result 
; get first byte in B as counter 
; clear D . 
; add second byte to result 
; decrement counter 
; if counter is zero 
; HL contains results 


7) Write a program segment to wait till at least one line of input port A to be high. 
Then continuously output square wave of arbitrary frequency on all lines of port 
B. (assume port A and port B already configured for input and output 


respectively) (March 88) 

Label Mnemonic and Operand Comments 
SQR IN PA ; read port A 

ADI 00H ; modify flags accordingly | 

JZ SQR ; if [A] = 00 then wait 

OUTPB ; 1f [A] = 00 output data on port B 
Again CMA ; output on port B ; 

JMP Again ; continue output 


8)Write a subroutine to fill the memory locations 2800H to 28FFH with Hex numbers 
00H to FFH respectively (i.e.2800 H will contain 00H,2801H will contain 01H etc.) 


Solution : 


We will solve this problem in two manners. 


(March 88 — 5 Marks) 


Approach 1: 

Label Mnemonic and Operand Comments 

Fill LXI H, 2800H ;set memory pointer 
MVI A,00H sload Acc with 0 
STC | 
CMC ; Clear carry 

BBK MOV M, A ; Store Acc to memory 
INX H ; increment momory pointer 
INR A ; increment data 
JNC BBK ; go back if not over 


RET 


- return if over 


Instruciicn Set of 8085 
250 


Approach 2: . 

Label Mnemonic and Operand Comments 

Fill LXI D, 2800H ; set memory start address. . 
XRA A ; clear Acc & carry 
MVIB, FFH ; load counter 

Loop STAX D ; store data in memory 
INRA ; increment data 
INX D - 3 increment memory address 
JNC Loop ; ; go back if not over 
RET ; return if over 


Important Note: (You can use any valid instructions, any program is valid if it is 
written by using correct instructions without changing the purpose of the program). 


9) Write a program segment to count number of odd data bytes in the block of 


memory from 1300 H to 13FFH and output on port 11H. (5 Marks) 
Label Mnemonic and Operand Comments 
STC 
CMC ; Clear carry 
LXIH, 1300 H _; Set HL pointer to 1300H - 
MVI1B, FFH ; Set location counter to FFH 
MVI C,00H ; Set odd bytes counter to 00H 
Again MOV A,M ; get data from memory. 
RAR 
JNC Skip Check odd or even 
INR C 


if odd byte counter increments 


Skip INXH increment memory pointer 
DCR B 
JNZ Again Checks if 255 bytes are checked. 
MOV A,M Loads 256" byte if 255 bytes are _ 
checked 
JNC Next Checks odd or even 
INR C If odd, increments odd 
Next MOU A,C byte counter and copies it to 
OUT 11H 


accumulator which is then output 
to output port 11H. 


10) Write a program to count how many times 05 comes in a memory block atarting 


at 4000H to 4004H. Store the result at 4070H. 
Solution : 


Lebel Mnemonics Comments 
LXI H 4000H Load the HL pair at 4000H. 
MVIC, 00H 


Clear the C register for counter. 
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MVI D, 05H 
stat MVIA, 05H 
MOV B,M 
SUB B 
JNZ Loop 
INR C 
Loop DCRD 
JZ end 
INZ H 
JMP start 
MOV A,C 
STA 4070H 
End RSTI 
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Store the total No. 05 in D register 

Store the no. 05 in A register. 

Transfer the contents of memory to B register. 
Subtract the value of B register from A. 

If A #0 then go to Loop. 

Otherwise increment the counter by 1. 
Decrement the D register by 1. 

If D = 0 then go to end. 

Increment the HL pair by 1. 


_ Again go to start. 


Transfer contents of register C to acc. 
Store result at 4070H 
Stop 


11)Write a program to chock whether data 02H is present in a memory block starting 
at 4065H to 4070H. If present store 'FF'H at 4080H. Else store '00'H at the same 


location. 

Solution : 

Lebel Mnemonics 
LXI H 4065H 
MOV B,M 

_INXH 

MVIC,O 
LDA 4050H 

Loop CMP M 
JZ Done 
JC Note 1 
INX H 
DCRB 
JNZ Loop 


Comments 

Load the HL pair at 4065H. 

Move the contents of memory to B. 

Increment the HL Pair by 1. 

Initialize C with 0. 

Load the accumulator at 4050H 
Compare memory with A 

jump if zero to Done. 

jump if carry to Note 1. 

Increment the HL pair by 1. 

Decrement B register by 1. 


Jump if not zero to Loop. 
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Note I MVI C,FFH Move FF to C. 
Done MOV A,C, Move C to Accumulator 
STA 4050H Move the contents of Accumulator to memory 
4050H 
End ~ RST 1 Stop. 


12)The accumulator contains the data 77H and register B contains 66H. What will be 
contents of accumulator in hex digits after execution of each of the following 
instruction? 


(i) ANIO7H (ii) XRI 11H (ii) CMA (iv) ORAB ~~ (v)RLC 
Solution : (i) Accumulator contents in BCD (A)=77H=0111 0111 | 
Register B contents in BCD (B)= 66H=011001 10. 
Therefore ANI 07H = in hex, 07H 
(ii) XRI 11H — XGR accumulator immediate with 11 H. 
A = 0111 0111 BCD 
MH oS 0001 0001 BCD 
A XOR 11H =0110 0110 BCD=66H 
Therefore XRI 11H = in hex, 66H 
(iii) CMA — complement the accumulator contents 
A = 0111 0111 BCD 
CMA = 1000 1000 BCD= 88H 
Therefore CMA = in hex, 88H 
(iv) ORAB — OR accumulator with contents of register B. 
A= 0111 0111 BCD 
B= 0110 0110 BCD 
A+11=01110111 BCD=77H 
Therefore ORAB = in hex, 77H 


(v) RLC — Rotate accumulator left through carry. 
. In hex after execution of RLC A = 1110 1110 = EEH 


r 


instruction Set of 8085 253 


4) Write an assembly language program to count number of even data bytes 
scurring jn a block stored from memory location 3001H and onwards. The length of 
0 ; is stored in location 3000H. Store the result in location 3100H. 


‘ . 
ue (March 2002) 
Label Mnemonic/operand Comments 
START LXI H, 3000H ; Initialize H-L pointer to memory address 3000H 
MOV C,M; Get length of block in register C 
MVIB, OOH ; Initialize register B to store count 
INX H; Increment H-L pair by 1 
UP MOV A, M; ‘Get the number in accumulator 
RRC; Check even number 
JC DOWN ; Jump on carry to label DOWN 
INR B; No carry — increment count 
DOWN INXH; Increment H-L pair by 1 
DCRC; Decrement content of C by 1 
JNZ UP ; Is zero ? No — jump to label UP 
MOV A,B; Store count in register A 
STA 3100H; - Store the count of even byte in location 3100H 
END HLT . Stop processing : 


15) A Hex number is stored at location 3000H. Write an assembly language program 
to interchange it's digits. The new number is to be stored at 3001H.Add original 
number with new number and store the result at location 3010H. (March 2002) 


Label Mnemonic/operand Comments 


START LXIH, 3000H ; Initialize H-L pointer to memory location 3000 H 
MOV A, M; Get the number in accumulator 
RRC; } 
RRC; } Exchange two nibbles 
RRC; } 
RRC: } 
STA 3001H ; Store the exchanged number in memory location 
3001 H 
ADDM; Add two numbers 
STA 3010H; Store the result in 3010 H location 
END HLT Stop processing 


16) Write an assembly language program to count the number of times the data ADH 
's found in a block of memory locations starting from 3000H. Length of block is 
| ‘tored in location 29FF H. Store the result in location. 2000H. (March 2002) 


. 254 Instruction Set of 8085 


eee Nae 


Label Mnemonic/operand Comments 

START MVIC, OOH; Initialize register C 
MVIA, ADH ; Get the data ADH in accumulator 
LXI H, 2FFFH ; Initialize H-L pointer to 2FFFH 
MOV B,M; Get count in register H 
INX H; Increment H-L pair 

LOOP CMP M; Compare the number 
JINZ NEXT ; Is zero ? No — jump to label NEXT 
INR C ; Increment content of C 

NEXT INX H; Increment H-L pair by 1 
DCRB; Decrement count 
JNZ LOOP ; Is zero ? No — jump to label LOOP 
MOV A, C; Yes — move count in A 
STA 2000H ; Store count in 2000 H 

END HLT Stop processing 

16) Write the appropriate memories for the following tasks. _ (March 97) 


i) load accumulator from B register 
ii) Complement the accumulator iii)Add 01 H with the.accumulator 
iv) Store the contents of accumulator at the memory location addressed by the BC 
register pain v)Clear the accumulator. 
Solution :i) MOV A,B ii) CMA iii)ADIA 01H iv) STAXB v) ANA 00H 


QUESTIONS 


1) Select correct alternative and rewrite the following: 
1) The flag bit that gets affected by execution of RRC instruction in 8085 
processor is | (Oct. 88) 
i) zero, ii) parity, ii) ca carry, iv) all | | 
2) The instruction that can affect stack pointer is : 
i) SHLD, ii) XCHG, iii) LXI, iv) LDAX | (Mar. 88) 


3) Which of the following instruction does not affect the flag. 
i) PCHL, ii) ADD, iii) RAR, iv) STC (Mar. 89) 


4) PUSH (rp) instruction in 8085 affect 


i) HL register, 11) Program Counter, iii) stack Pointer, iv) None of these 


5) is the three byte instruction. (Mar. 99) 
i)RAR, ii) MOV A,D, iii) LXI SP 2050H, iv) SBI 80H 
6) The invalid register pair for 8085 microprocessor is : (Mar.2002) 


1) BC ii)HL i1i)SP iv)DE 
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7) In 8085 microprocessor, flag register is not affected after the execution of 


___ instruction. (Mar.2004) 
i) INR r, ii) DCR r, 111) ADD r, iv) INX rp 
g) The full form of instruction DAA is | : (Mar.2005) 
a) Double Add Accumulator b) Decimal Add Accumulator 
c) double Adjust Accumulator ~ d) Decimal Adjust Accumulator 
9) instruction rotates the contents of ACC left through carry by 1 bit. 
a) RLC b) RRC c) RAR d) RAL (Mar.2006) 
10) The instruction which affects only carry flag is . - (Mar.2007) 
a) ORI b) XRI c) ADI d) DAD : 
11) instruction uses flags. (Mar.2007) 
a) Data Transfer b) Arithmetical c) Conditional Jump d) Logical 
12) The instruction __-__ will affect the zero flag without changing 
the contents of the accumulator. (Mar.2008) 
a) MVIA, 00 b) SUBA c)XRAA  4d)CMPA 
13}—— of the following instructions is a branching instruction. . (Mar.2010) 
a) ADD r b) JMP addr c)CMPM 4d)CMPA 
14) | instruction does not affect the flags. (Mar.2016) 
a) RAR b) CMPC c) XRA d) MOV A,B 
15) Instruction is used for 16-bit addition. (Mar.2016) 
a) ADD b) ADI c) ADC d) DAD 


16) ANA , r instruction comes under. group. 
a) Arithmetic b) Logical ) Branch d) Data Transfer 


THEORY QUESTIONS 
1) Define the following terms with suitable diagram: 
a) Instruction cycle b)Machine cycle c) T-state 
2) Explain the following instructions with suitable example: 
i)LDAX, ii) XCHG iii) DAD 
3) The flag register of 8085 microprocessor 


(Mar.2002,05,10,17,19) 


(Mar. 2017) 


contains the data 45H. Interpret it's 
( Specimen Paper) 


meaning. 
4) Explain the following instructions with suitable example: 
i)DAA, ii) LHLD (Oct. 03) 
5) Explain the following instructions of 8085 microprocessor with suitable example 
of each: (Mar.2004) 


i) SHLD addr, ii) ANI data, iii) RRC 
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6) Explain the following instruction of 8085 micro-processor. (Mar.2005) 
1)CMC ii) RAR lil) XRA M 

7) If ACC contains data BCH, register C contains ADH. What will be the content of 

accumulator after execution of each of the following instructions independently? 


i) SUB C 11) CMA iii) XRA C » 4% (Mar.2006) 
8) Accumulator of 8085 contains data 56 H. What will be the contents after the 
execution of following instructions independently. (Mar.2005) 
i) CMA ii) ANI ACH iii) INR A 
9) Explain the execution of following instructions of 8085 micro-processor with 
suitable examples.i) CMP C ii) DAD rp (Mar.2005) 
10) Explain the following Intel 8085 instructions: : (Mar.2007) 
i) DAA ii) NOP iii) LDAX D : 
11) Explain the difference between SUB and‘CMP instruction. (Mar.2007) 


12) Explain conditional and unconditional branching instructions with suitable 
examples. List any two machine control group of instructions with suitable example. 


, (Mar.2006) 
13) Explain the following instructions of 8085 microprocessor with suitable 
example: a) SPHL b)PCHL ( Specimen Paper) 
14) Write any three instructions to make Accumulator Clear or zero. — (Mar.2017). 
15) Explain INX r instruction (Mar.2019). 
PROGRAMMING EXERCISE 
1) Write an assembly language program to find out 2's compliment of five numbers 


stored from memory location 3330H and onwards. Store the result from memory 
location address 410H. (Oct. 03) 


2) Write an assembly language program to count the occurrence of the data 9CH ina 
memory block starting from 4000H to 400FH. Store the count at memory location 


4500H (Mar.2004) 

3) Write an assembly language program to transfer a memory block starting from 
1050H to1059H a new block Starting from 1070H to 1079H. (Mar.2016) 

4) Write an assembly language program to add 2 decimal numbers stored at 1050H 

3 and 1051H store the result at 1052H and 1053H. (Mar.2016) 


5) Write an assembly language program to perform the multiplication of two 8- 
bit numbers where multiplicand id stored at the memory locations 2501H and 
2502H and multiplier is stored at 2503H. The result is to be Stored at memory, 
location address 2504H to 2505H. Oct.03,Mar.2016) 
(Note : 8 bit multiplication is extended to 16 bit) . 

6) Write a subroutine to rotate 16-bit HL register pair, one binary place towards left. 
(The MSB of H should shift to LSB of L). (Mar. 88) 
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7) The accumulator contains the data AAH and register B contains 55H. What will 
be the contents of accumulator in hex digits after execution of each of the 
following instructions? 

i) ANAB, ii) XRAB, iii) ORAB, iv) ANI81H, v) CMA 


g) The Accumulator of 8085 contains data 43H. What will be it's contents after 
the execution of following instructions independently ? (Oct. 2003) 
i) CMA, ii) ANT 09H, iii) INR A 


9) Write an assembly language program, which tests all 1's condition of data-byte 
specified at data memory location 3500H. If all bits are 1's, store 01H at 3501H 
else store OOH at the same location. | (Oct. 90) 


10) The length of the block is in memory location 2040H and the block itself begins 
from location 2041H. Write a program to find largest element in the block and 
store the result at location 2280H. (Mar. 91) 


11) The accumulator contains the data 77H and register B contains 66H. What will be 
the contents of accumulator in hex digits after execution of each of the following 
instructions? 

i) ANI 07H, ii) XRI 11H, iii) ORAB, iv) RLC, v) CMA (Mar. 91) 

12) Write an assembly language program to count thé number of times the data ADH 


is found in a block of memory locations starting from 3000H. Length of block is 
stored in location 2FFF H. Store the result in location 2000H (Mar.2002) 


13) The accumulator of 8085 microprocessor contains the data 45H and register 'E' 
contains the data 7BH. What will be the content of accumulator after execution 
of each of following instructions independently? 

i) XRA E, ii) ADI C5H, iii) ORI SBH (Mar.2004) 


14) Write an assembly language program to increment the contents of alternate 
memory locations each by two from 1051H to 1060H. (Mar.2016) 


15)Write an Assembly language program to fill the memory locations 4500H to 4504 
with the Hexadecimal numbers 09H to ODH respectively. ~  (Mar.2017) 


16) A block of data is stored from memory location DO01H. Length of block is stored 
at DOOOH. Write a program to find occurrence of data 02H in given block. Store the 
number of occurrence at Memory Location D100H. (Mar.2020) 


Answers Q. 1) | 
1)Carry 2) LXI 3) PCHL 4)Stack Pointer 5)LXI SP2050H 6)SP 7) INX rp. 
8) Decimal Adjust Accumulator 9)RAL 10)DAD 11) Conditional Jump 
12) CMP A 13) JMP addr 14) MOV A,B 15) DAD 16) Logical 
OOO 
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INTRODUCTION TO 
INTEL X-86 FAMILY 


INTRODUCTION 


As explained in the last topic the first microprocessor was a 4-bit [ip and then 
in 1978 Intel introduced the up 8088 and 8086. The IBM-PC and PC-XT were based 
on 8088 and then Intel started this family by means of advance versions such as 
80286,80386 ,80486 working as powerful microprocessors. The development of new 
CPU chips by Intel continued the latest microprocessors Pentium, Pentiumll ,and 
Celeron core came in to existence. These microprocessors developed by Intel known 
as X-86 family. This chapter describes their features and brief information of 8086. 


3.1 16-BIT MICROPROCESSORS 
16-bit ps families are used primarily in pcomputers and are oriented towards 
high-level languages. They have powerful instruction sets and are capable of 
addressing megabytes of memory. 
e.g. Intel 5086/8088 
80186/286 
Zilog Z 8001/8002 
Motorola 68000 and NS 16000 
Apart from the design concepts and instructions sets, one of the critical factors that 
decide capability of up is the number of pins available. 
Primary objectives of these X-86 family are: 
1) Increase memory-addressing capacity. 
2) Increase execution speed. 
3) Provide a powerful instruction set. 
4) Facilitating programming in high-level languages. 
5) Function in multiprocessor environment. 
These objectives can be met by using various design concepts. 
Let us see each microprocessor with their special features 


INTEL 8086/8088 
© Itis al6-bit up 


e 40 pin DIP package 
Capable of addressing 1 MB of memory its address bus is 20 bit (27°=1MB) 


Clock frequencies from 5 MHz. to 10 MHz. 


e §-bit external data-bus. 
Operates in two modes Minimum mode and Maximum mode. 


Pee . : 
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ent Aiea Vig ye, ee OR! ete Veneer a eg 
g9g8 and 8086 are identical in internal architecture, only differ in external design. 

Power and clock are identical to that of the 8085 processor. 
Signals for multi-processor environment. 

Data bus and status signals are multiplexed with the address bus. 
16 data lines Apis-Apo multiplexed. 


3) INTEL 8086 ARCHITECTURE 

Fig.(3.1) shows an architecture of 8086 with two main processing units BU 
and BIU. When 8085 up fetches and executes the instruction. The buses are occupied 
for the fetch operation but remains idle during internal execution of an instruction. To 
speed UP the execution, 8086 processor includes two processing units called 
rxecution Unit (EU) a Bus Interface Unit (BIU).The concept of dividing work 
between two units and processing it simultaneously speeds up the execution.BIU 
fetches the instructions and places them in instruction queue. EU continuously 
executes them until it becomes empty. Such a processing is known as parallel 
processing. 
A segment register provides a base address and another register supplies offset 
address to increase memory addressing capacity. 


EU and BIU of 8086 
BIU 
Segment 
Registers 
Instruction 
Pointer 


EU 


General 
Registers 


Address 
Generation 
& 

Bus Control 


Instruction 
Queue 


Operations 


Fig.(3.1) Block Diagram of 8086 
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Programming Model Of 8086 


The 8086 processor includes four 16-bit general-purpose registers: AX, BX, 


CX, DX. They are equivalent to 4 Accumulators even though some registers are 
assigned additional special functions. Each register can be associated with as 8-bit 
register and are compatible with 8085 registers .e.g. HL register pair in 8085 is same 
as BX register. BX: BH (B-Higher) and BL (B-Lower) 
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SOURCE INDEX 


DESTINATION INDEX 


GENERAL PURPOSE REGISTER 


BASE POINTER 


STACK POINTER 


CODE SEGMENT 


STACK SEGMENT 


SEGMENT REGISTER 


INSTRUCTION POINTER 


FLAG REGISTER 


ren mcrn Deda 


Register Model of 8088/8086/80286 Register Model of 32-bit 1p386/486/pentium 


Fig.(3.2) Programming Register Model Of X-86 family 


The next 4 registers are SP, BP, SI and DI, which are 16-bit registers (used as 
memory pointers). | 


e SP ( Stack Pointer), BP (base pointer), SI (Source Index) and DI (Destination 
Index) are used as index registers which are not present in 8085. 


Next group of registers are called as segment registers: CS (Code Segment), 
DS (Data Segment), SS (Stack Segment) and ES (Extra Segment). 


e These segment registers are combined with memory pointers to generate a 
memory address. 7 


Instruction pointer (IP) is same as Program Counter in 8085. 
e A flag register includes 9 flags. These flags are divided into two groups: 
6- bit data flags and 3- bit control flags. 
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Fig.(3.3) Flag Register of 8086 


The first five bits are identical to 8085. 
In data flag category OF (Overflow) flag is there, rests of the flags are same as 
8085 flags.. 
» OF- Overflow Flag — Used in signed numbers, when the result of signed number 
is too large, causing MSB to overflow into the sign bit, this flag is set. 
e DF-Direction Flag — Used to control the direction (increment/decrement) of the 
string operation. 
¢ IF — Interrupt Flag — Used to enable or disable external maskable interrupt 
requests. 
e TF-Trap Flag — used for single stepping instructions. 


Programming register model of 32-bit version of pp 

As shown in fig. (3.2) the programming register model is almost identical with 
8086 only the registers have Extended length hence called EAX,EBX,ECX, ESI, EDI 
etc. these registers can be used as 16-bit or 32-bit registers. The segment registers are 
‘dentical with 8086 but additional flags (E flags) are used in these pp .The flag 
register is 32-bit. 


Comparison of 8086 With 8085 
Microprocessor 8085 Microprocessor 8086 
1. Itis a 8-bit Microprocessor. 1. It is a 16-bit Microprocessor. 


2. Address bus is 16-bit hence can access | 2.Address bus is 20- bit hence can access 
64 Kb memo 1Mb memo 


3.It provides 8-bit Registers A,B,H.... 
4. 8-bits of Address bus ADo — AD7 are 
multiplexed. multiplexed. 

5.Flag Register is 8-bit and contains > 
flags. flags. 


6.Operated only in one mode 6. There are two operating modes. . 


INTEL 80286 

© Itis a 16-bit Microprocessor extended version of 8086. 

° 68 pin DIP package 

° Capable of addressing 16 MB of memory its address bus is 24bit (2%=16MB) 
* Clock frequencies from 6MHz. to 20 MHz. 
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e It can support a memory management unit, through it can address 1Gb_ memory 
known as virtual memory. 

e This processor includes various built in mechanisms that can protect system 
software from user programs and restrict access to some regions of memory. 

e Itis designed for multiuser system. 


INTEL 80386 

It is a 32-bit Microprocessor extended version of 80286. 

132 pin grid array package 

Capable of addressing 4GB of memory its address bus is 32bit (27= 4GB) 

Clock frequencies from 16MHz. to 33 MHz. 

80386 has 32-bit registers and compatible with 8086 

Execution of instructions is highly pipelined and the processor is designed to 
operate in a multiuser and multitasking environment. | 


Comparison of major features of X-86 famil 


8086 80286 80386 | 80486 | Pentium | 
3 
Z 3 
1M 


|Databus(bits) | 16 =| 16 | 32] 32 
Address Bus (bits) 
4GB 


Operating = speed 16-33 25-50 50-100 
MHz 


4GB_| 4GB 


management 


PC-AT_ | PC-AT | PC-AT 
1989 


INTEL 80486 
e Upgraded, faster version of 80386. 
e DX type version is a 32-bit processor housed in a 168-pin grid array package and 
can operate with clock frequencies from 25 MHz. to 66 MHz. 
e Design is based on 1.2 million transistors compared to 300 thousand transistors of 
386 processor. . 
e Important concepts that are built in to 486 other than 386 are: 
a) Built-in math-co-processor ve . 
(In 386 math-co-processor is external) 
.". Math instructions in 486 systems are executed three times faster than in 386. 
b) 8 Kbyte of code and data cache memory on chip. 
c) Highly pipelined execution unit. 
.. The execution time for many instructions is 1 clock period. 
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Generally used for high-end tcomputers and new environment. 


Designed to facilitate the execution of high-level languages and are suited for 
multiuser and multiprocessing systems. 


3,3 INTEL PENTIUM PROCESSOR 

e Pentium processor has a 32-bit address bus and 64-bit data bus and designed to 
operate from 60 MHz. to 233 MHz. 

e Upward software compatible with the previous line of Intel ups from 8086/88 to 
486 and it is also designed for easy upgradability. 

e Itincludes many advanced features normally available in mainframe computers. 

e The processor is ideally suited for high-end desktop PCs, workstations and R/W 
fileservers where high-speed computation like 3D graphics is needed. 

» Can run an advanced operating system like UNIX. 

» Includes enhancement of some of the features available on 486 processor. e.g. 
Supports either traditional memory page size 4Kbyte or the larger size of 4 
Mbyte. 

¢ Has 64-bit data bus, increases the processing speed. 

e Suited for multiprocessing applications. 

e Maintains data integrity in multiple pps. 


ADVANCED DESIGN FEATURES OF PENTIUM 
1) Dual Pipelining architecture 

It has two execution units with dual pipelined architecture, able to execute two 
instructions simultaneously per clock cycle and achieve a high level of performance. 


2) On-chip cache memory for instruction and data 

It is found that the speed of CPU and main memory is mismatching main memory 
speed is very low as compared to CPU speed. To compensate this mismatch a high 
speed memory is used to store current programs and data and to make it available to 
CPU with faster rate. The cache holds those segments of program and data which are 
frequently required by CPU and for remaining program and data CPU access main 
memory. Using a cache by CPU results in best performance of a computer system. 
All latest CPU make use of cache. Pentium has 2, 8 Kbytes on cache memory on 
chip, one for code and other for data. Which eliminates the need for the processor to 
go off the chip and access the main memory during the loop execution, thus 


improving performance of Hp. 


3) The Branch prediction 

This is the mainframe technique implemented in this jp to improve the performance. 
Here most likely set of instructions to be executed is predetermined. Using branch 
prediction it makes an intelligent guess of the next conditional instruction, it prevents 
the instruction cache from running dry during conditional instruction. 
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4) High performance floating point unit ae 
This ip has an on-chip floating point unit that incorporates highly sophisticated 7- 
Stage pipelining and hardwired codes. 


6) Performance monitoring 
Processor design enables the user to monitor the performance of the processor. 


7) 64-bit data bus ! 
Pentium has a wide 64-bit data bus which results in high speed data transfer. 


QUESTIONS 
1) Select the correct Alternatives 
a) The microprocessor 8088 is a 
1) 8-bit, ii) 16-bit, iii) 64-bit 
b) pp 8086 has flag register. 
1) 8-bit, ii) 16-bit, iii) 12-bit 
c) The first 32-bit microprocessor is ; 
i) 8085, ii) 8086, iii) 80386, iv) 80486 
d) The only 64-bit microprocessor in X-86 family is__ tz. 
i) 80386, ii) 8086, iii) 80486, iv) Pentium 
e) 80386 is a . (Mar. 2003) 
a) 8 bit microprocessor, b) 16 bit iaicroprocessor, 
c) 32 bit microprocessor, d) 4 bit microprocessor 
2) Compare microprocessor 8085 with 8086. 
3) Compare any four specifications of different up in X-86 family. 
4) Compare any four features of 80386 and 80486. (Mar. 2017) 
5) What do you mean by: a) cache memory, b) multiplex address/data bus 
6) Explain the programming model for 32 bit version of X-86 family with suitable 
diagram. (Mar. 2002,05) 
7) Explain the advantages of the following features of the Pentium Processor. 
a) Dual Pipelining, b) On Chip caches, c) Branch Prediction, 
d) 64-bit Data Bus (Specimen Paper,Mar.2006,10,16,20) 
8) List the advanced microprocessors of INTEL X-86 family and mention three 
attributes of anyone of them. ee Bs (Gct.2003) 
9) Compare any four attributes of 80286 and Pentium microprocessor. (Mar. 2004) 
10) Explain the main features of a Pentium processor. (Mar.2003) 
11) Draw a neat labeled diagram of flag register of X86 family. (Mar.2003,16) 


12) Draw a neat labeled diagram of programming model of X86 family. (Mar.07,08) 
13)Discuss in brief the members of X-86 family beginning from 80386. (Mar. 2016) 


bit microprocessor. 


14) Compare any four features of 80486 and Pentium Processor (Mar. 2019) 
Answers Q.(1) 
(a)16-bit (b)16-bit (c)80386 (d)Pentium (e) 32 bit microprocessor 
OOU 
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INTRODUCTION TO 
MICROCONTROLLER 


INTRODUCTION 


The microcontroller is a complete microprocessor system built on a single 
integrated circuit. Generally building a complete microprocessor system on single 
chip reduces the cost of building simple products using microprocessor. When 
microprocessor system is implemented with a single chip microcontroller, it is also 
called microprocessor as all the major parts are in the IC. 

It is generally used for control function so it is termed as microcontroller. 
Generally microcontroller must include a full implementation of a standard 
microprocessor, ROM, RAM, Parallel I/O port timers and a clock. 

Single chip 4-bit microcontrollers were available shortly after mid 1970's. 
Texas instruments introduced TM S-1000 series of single chip 4 bit microcontrollers 
in mid 1970's and at the same time Fairchild introduced 8 bit two chip 2 as 8 bit 
microcontrollers become available after 1977 and 1978. 


4.1 ADVANTAGES OF MICROCONTROLLER 

1. Since the microcontroller is a single chip microcomputer it can be used for 
dedicated functions. 

2. It can be used as independent controllers in various machines. 

3. It includes all the essentials of a computer on a single chip like CPU, R/W 
memory, ROM it can be used as a microcomputer 

4. It reduces the cost of a system than microprocessor based system. So it can: be 


used in low cost products like toys. 


4.2 APPLICATIONS OF MICROCONTROLLER 

1. Most personal computer keyboards are implemented with a microcontroller. It 
replaces scanning, debounce matrix decoding and serial transmission circuits. 

2. Generally in low cost products, such as toys, electric drills, microwave ovens, 


VCRs microcontrollers are used. 
3. Microcontrollers are used as machine tools, chemical processors‘and in medical 


instruments. 
4. It also controls mechanism of electronic systems, music system, home security 


system, etc. 
In this chapter we will study a brief overview of 8051 microcontrollers. 
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4.2 MICROCONTROLLER 8051 | 
The 8051 is a second generation 8-bit microcontroller. The first Intel's 8-bit 
microcontroller was the 8048.The 8051 provide a more powerful architecture, a more 
powerful instruction set, a full serial port. 


Main Features Of 8051 Microcontroller 

1) An8bitALU 2) 4K x8 ROM (OR EPROM) 

2) 128x8RAM 4) Dual 16 bit timer event counter 
5) 32 I/O lines . 

6) Addresses of 64 Kbytes of program memory 

7) Addresses of 64 Kbytes of data memory — 

8) Powerful 111 instruction set 

9) Full featured serial port 

‘10) Up to 12 MHz. clock 


11) Two external interrupts | | 
| PO.0-P0.7 . P2.0-P2.7 
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Fig. (4.1) An architectural block diagram of 8051 
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Ps There are 32 pins needed by the four 8-bit bi-directional I/O ports. Eight 
additional pins provide power and allow to connect to a clock crystal and also provide 
timing and control signals. : 

. The standard functions, which make up a microprocessor, are in the center of 
the diagram. It includes the ALU, accumulator, stack pointer, a block of registers and 
a general purpose registers. All of these devices are connected to 8051 internal 8-bit 
data bus. . 

Each J/O port is also connected to the 8 bit internal data bus through a series 
of register. These registers hold data during I/O transfers and control I/O ports. It is 
also having ROM and RAM. + 


8051 Memory Register Map 

Generally 8051 addresses two memory spaces. It uses one memory space for 
storing programs and the other for storing variable data. The program memory space 
is a read only memory space. You can read program instructions from this space but 
the processor cannot write data or read data from these memory locations. The 8051 
internal ROM is in program memory space. All instructions fetches are from program 


memory space. ; 
FFFF Up to 
60 Kbytes 
of external : 
or 


ROM 
Up to 
64 Kbytes 
of 


Up to 
4000 |_EEBO™ | 64 Kbytes 
of 


external or a 


nd 
OFFF 
or EPROM 4 Kbytes 
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RO 
or 
| EPROM | 
0000 


external 


Program Memory Data Memory 


Fig.(4.2) Memory Map of 8051 


The data memory space is read-write memory space. The processor can read 
data from this memory space and can write data to this memory space. But it cannot 
execute program instructions from this memory space. The 8051 internal RAM is in 
this memory space. | 

The 128 bytes of internal RAM provide general read-write data storage. Part 
of this memory space is often referred to as general purpose registers. 

The 8051 also has 22 special function registers which are not part of 128 bytes 
of internal RAM. They occupy memory space from 80H to F8H. 

If more program memory is needed the internal 4 Kbytes memory can be 
expanded by an additional 60 Kbytes. So 8051 has now a full 64 Kbytes program 


tas 


aS 
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memory space. If 8051 pin is connected to ground, it does not use the internal 4K 
ROM. If user needs more RAM, external data memory can be added. It is of 64 
Kbytes. Generally 8051 operates with separate program memory and data memory 
space but in some applications it is desirable to have these work as common memory, 
In that case 8051 has 64 Kbytes of total external memory. 

In this configuration 8051 can input a block of data through serial 
communication port, load data into memory and then execute that data as a program. 
This is called downloaded program. 


Other Microcontrollers In The 8051 Family 

8048 is the first Intel Microcontroller. 

It is similar to 8051. | 

The architectural block diagram of 8048, 8049, 8050 all have similar 
architecture but memory size is different. It doubles in each case. 8048 supports 1 KB 
of internal memory 8049 support 2 KB and 8050 supports 4 KB. | 

These three (8048, 8049, 8050) are very popular as they are inexpensive. 

8052 is simple expznsion of 8051. 

8050 has 8 Kbytes cf on board ROM and 256 bytes of on board RAM. 8052 
costs more than 8051. It has also one extra 16-bit counter timer, which gives 
programmer more flexibility. 8051 and 8052 has on board ROM, which must be 
programmed by device manufacturer. They are used generally in high volume 
applications, which can afford the cost of semiconductor operation. 

For low volume and prototyping applications 8751 and 8752 are used. They | 
uses on board EPROM. Using EPROM memory can be erased with ultraviolet light 
and that memory can reprogram. 

Two alternate versions of 8051 and 8052 are 8031 and 8032. These devices do 
not have on board ROM so external ROM (OR EPROM) has to be used for program 
memory. Another form of 8052 is 8052 AHBASIC. This special 8052 has BASIC 
programming language in ROM. Using BASIC, programmer can write instruction for 
8052. 

Comparison with microprocessor 


Microprocessor 8085 
a) Itisan8-bitup. 


b) Address bus is 16-bit, hence can access 
d) 8-bit of data bus but ports are not 
e) Flag register is 8-bit and contains Nine 
flags. flags, 
f) Peripheral chips are not required ___| 


f) Peripheral chips are required , f) Peripheral chips are not required 
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QUESTIONS 
1) Select the correct alternative and rewrite the following: 


a) The 8051 microcontroller has an instruction set of instructions. 

i) 99, ii) 111, iti) 120, iv) 110 (Mar. 2002,05) 
b) In 8051 size of internal ROM is 

i) 4 KB, ii) 2 KB, iii) 8 KB, iv) 16 KB 
| microcontroller onboard EPROM is used. 

i) 8751, ii) 8048, iii) 8052, iv) None of these 


d) 8051 is bit microcontroller. 
i) 4 bit, ii) 8 bit, ili) 16 bit, iv) 32 bit 

e)____ is a microcontroller chip. . (Specimen Paper) 
i) 8085, ii) 8086, iii) 8051, iv) Pentium 

f)_____isnota characteristic feature of 8051 microcontroller. (Mar. 2004) 


i) 4kbyte of internal RAM, ii) 4 kbyte of internal ROM 
iii)4 parallel bidirectional I/O port iv)Full featured serial port 


g) The 8051 microcontroller has an ALU of ______bit capacity. (Oct.03) 
i) 8, ii) 16, 111) 32,iv)64 . 
h) IC consists internal RAM. (Mar. 2006) 
a) 8080 —_b) 8085 cc) 8051 d) 8086 
i)Among following is the latest 8-bit single chip microcontroller. 
a) 8048 b) 8051 c) 8096 d) 8044 (Mar. 2007) 
j) isa Microcontroller. . (Mar. 2016) 
a) 8086 b) 8051 c) 8088 d) 80286 . 
1) Differentiate between Micro-controller and Microprocessor. (Mar. 2016) 
2) Define microcontroller. State any four advantages of the same over microprocessor-based 
system. (Specimen Paper Mar.2002,05) 
3) Explain memory register map of 8051 with a suitable diagram.. (Mar. 2016,19,20) 
4) Explain various applications of microcontroller. : (Mar. 2002,10) 
5) Discuss the micro-controllers in 8051 family. . (Mar.2016) 


6) What are other microcontrollers available in 8051 family. Explain it. (Mar.2010) 
7) What is Microcontroller? State uve features of 8052 over 8051 microcontroller. 

(Mar. 2004) 
7) List any six major features of 8051 microcontroller. (Mar.2004,07,Oct.2003) 
8) Explainin how 8051 microcontroller addresses two separate memory spaces.(Mar.05) 
9) Write any two features of microcontrollers: 4) 8084 ii) 8052 iii) 8031 iv) 8050 

(Mar.2017) 

Answers Q.(1) 
(a) 111 (b)4KB (c)8052 (d)8-bit(e)8051(f) 4kbyte of internal RAM (g) 8 (h) 8051 
(1)8051 (j) 8051 OOO 
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NETWORKING TECHNOLOGY 


INTRODUCTION 7 

During the twentieth century the most demanding technology has been 
information collecting, processing ‘and distribution. Organizations with hundreds of 
offices spread over a wide geographical area are to be interconnected with computers 
for efficient gathering, processing and distribute information. This cannot be achieved . 
by old idea of single computer. Servicing all the organization’s needs is rapidly being 
replaced by one-in which a large number of separate, but interconnected computers do 
this job by a system. This system is known as computer network and physical 
interconnecting technology is called networking technology. This topic explains the 
related terminologies used in networking and various systems of networking. A 
special attention is given to various communication media and devices used in 

etworking. tai 


5.1 COMPUTER NETWORKING 

In simple words we can define a computer network such as “it is an 
interconnected collection of autonomous computers or system of computers capable 
of sharing resources and controlling services.” The network must be efficient, reliable 
and economic. The common resources are to be shared by the system whenever 
needed and these resources include data, peripheral devices like hard disk storage, 
printer, fax, etc. A very common example of such a network is LAN when you are 
working in your college laboratory all PC’s are interconnected by LAN. For big and 
Widest organization there are other networking technologies are called MAN 
(Metropolitan Area Network) and WAN (Wide Area Network) respectively. 


5.2 WHY NETWORK? | 

Many organizations use. separate PCs in operation, often located apart. Each 
computer uses separate printer, separate program software and other essential 
resources. For example, a company has many departments and two or more sister 

rganizations they have computer at each department. They may have similar: 
software and common data files. This old system results into inefficient use of 
machines and becomes isolated system of machine also undergoes into lack of 
communication and becomes expensive due to independent resources. 

At some point management has to decide to make a system which will provide 
Communication, exchange of information access to any file and sharing software so 
that the system will work efficiently, reliably and economical. All these requirements 
can be achieved by means of networking only. 


NOW ee eee 271 


The main goals of networking are 

i) Network provides resource sharing. 

iy It provides high reliability by using other machine if one machine fails 

in the network like military, banking, air, and traffic control. 

iii) | Access to any file and data. 

iv) Finally the system is saving money by network only. 

If we think of Wide Area Network it also provides access to remote programs, 
access to remote database and communication facility. For example, if a company has 
produced a model or product they can put all necessary information on the network so 
that clients can log-in over the network to see the product rates, specifications. All 
these applications use networking for economic reasons because the telephone call 
rate is expensive for long duration call but via network the line is used during the data 
transmission only. ; 


53 NETWORKS IN COMMUNICATIONS 

Now let us discuss about communication links that can be established for 
many to many communications a link between many PCs connected in a laboratory, 
telephone PBX, cable network etc. To provide this interconnection for many to 
many, certain technique is used known as Network. : 

A Network is an interconnected system that provides communication links 
among the two or more stations. Each station in a network is known as node. Fig. 
(5.1) shows a simple communications network with four nodes A, B, C and D each 
_ node is connected with other three. 

Ma There are different electronic 
communication networks, which can be: 
broadly classified according to their 
coverage area, and their facilities 
provision, these are: 

(a) WAN _ (Wide Area Network) 

(b) MAN _~ (Metropolitan Area 
— Network) | 

(c) LAN (Local Area Network) 


Fig.(5.1) 


As we know that today there are very common networks which are very popular and 
we are much familiar with those systems but we can understand their techniques by 


just comparing one with other as explained below 


(a) WAN (Wide Area Network). 
As name itself implies the coverage area is very wide, stations are very high in 


number hence named as WAN - Wide Area Network. A very common example is 
national telephone system, cellular mobile phones, pager etc. WAN is a wide 
network, which is capable of covering the whole country or state for communications. 


272 Networking Technology 


In WAN, the links may be established by using cables, microwave towers or may 
be satellite link or it can be combination of two or many links. For example, a 
telephone system uses all the three media cables, microwave and satellite links for the 
communications. The railway reservation system, Airline reservation system these 
are also computer networks treated as WAN. 


(b) MAN (Metropolitan Area Network) 

The network smaller than WAN and bigger than LAN is also established hence 
knowin as MAN it is a medium size network. An example of MAN is a cable network 
within a city. Cable network is receiving TV programs from the satellite and it 
connects many (user). TV sets in the network to watch these programs by such a 
network containing so many nodes located at different locations in the network. Of 


course, the communication link is through a cable and one way but it is a network > 


known as Metropolitan Area Network. Another common communication system is 
pager system; it is a network like MAN. 3 


(c) LAN (Local Area Network) 

The third and smallest network is Local Area Network widely used in Computer 
communications. When a number of computers close to each other within 10 Km 
radiuses are to be interconnected. LAN is the common network suitable for efficient 
computer communications. LAN contains 10 to 1000 PCs interconnected in an 
organisation with common control and storage. A computer laboratory in a college 
mostly uses LAN for training the students. A LAN system consists of many PC 
terminals but a common control terminal is controlling this network known as Server. 
The Server can be a minicomputer or a mainframe. 


5.4 NETWORK TOPOLOGY 

The network containing many nodes are physically interconnected in a certain 
configuration to provide an efficient communication, these configurations of 
interconnecting the nodes in a network is known as network topologies. While 
selecting a network topology the following points must be considered. 


a) The cost of physical interconnections. . 
b) The time delay during the communications. 

Cc) Reliability and possibilities of failure. 

d) Network controlling strategy or protocols. 


There are three important topologies commonly used while interconnecting 
computers in LAN 


a) Star Network topology 
b) Ring Network topology 
c) Bus Network topology 


> 
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,) Star Topology 
This topology of network is much popular in LAN network. It is a system 


taining one common node as a control and many stations connected with the 


con : ; : 
trol node in a network like figure of star as illustrated in fig. 
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Fig. (5.2) Star topology Fig. (5.3) Ring Topology 


A LAN in star topology has a server or controller (minicomputer) centrally 
placed (Not physically) controlling different PC stations. In star topology, when a 
communication is to be established between A and E it has to communicate through 
'C' only. The main advantage of star topology is addition of few more nodes is 
possible and it does not affect the time delay. But when the control node fails the 
whole network fails. Another common example of star isa PBX telephone system. 


b) Ring Topology | 

The ring topology is shown in fig (5.3) where server is not centrally located. | 
The network is formed by a number of stations with server connected one after the 
other forming a ring route. Each node receives data from the ring in sequence; the 

data is addressed in order to get the data to the desired node. In ring topology, each 

node is using the common ring to transmit or receive data. Suppose node A has to 
transmit to the node D then it is passed from A to B, B to C and then C to D the node 
B and C will check the address if the address is not for them they retransmit data to 
the next neighboring station. 

The main advantage of ring topology is that each node has direct 
communication capacity and it is independent on one control node. But when one 
terminal fails the whole system fails. On the other hand its total delay in 
Communication depends on the number of nodes and if the nodes are many in the riag 


more delay is introduced while communicating the data from one station to other 
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station. These are the drawbacks of ring topology but more reliable than star 
topology. 7 | 


A STAR TOPOLOGY A RING TOPOLOGY ' ABUS TOPOLOGY 


Fig. (5.4) Simplified Diagrams of Topologies 


9) Bus Topology 

This topology is more efficient and reliable than the star and ring topology. 
This topology is also known as a multi-point or multi-drop topology because in this 
interconnection method a common bus is used for data transmission with bi- 
directional communication provided by the bus for each node. The bus is available 
for each node to send its data to each and every computer node if desired. 


Advantages | 
19) The bus system is much faster than other methods. 
2) Direct communication between the two stations without any control 
Station. 


3) The bus topology can be extended with sub branches to form another 
topology known as tree topology. 7 


4) Break down of any failure node does not affect other node’s 
communication. 


5) Bus topology widely used in wide LAN network. 


5.5 PHYSICAL TRANSMISSION MEDIA CHARACTERISTICS 

Physical transmission media are the physical lines or channels through which 
information (a stream of bits) is transmitted between computers in a network. 

Before we discuss each type of transmission medium let us define their 
characteristics and try to understand the significance of each characteristics because 
cach media is suited to certain types of installation than other. To choose the best 
type of network media for a network the following factors must be considered: 


i) Cost of Media 


The cost of the media must be considered first while designing a network. The 


cost- performance properties are the two major factors. It is decided by the 
user as per application and standard of the resources. 


P| 
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ii) Implementation Cost ; 

When a media is to be designed for communication purpose one has to 
estimate the cost of cable or media as well as the cost of installation. For almost all 
media, the cost of installation exceeds than the cost of the cable itself. For example, 
for fiber optic cable special tools are to be used and by only trained technical persons 
can operate these tools. In other media like twisted pair the cost of installation iS 


inexpensive. 


jii) Channel Bandwidth 

, This is more important when media has to carry signals. It is defined as “ the 
range of transmission frequencies that are carried effectively on a media”. A very 
common example of bandwidth is a telephone line. Its media should have bandwidth - 
of 3 to 4 KHz because the range of voice signals is 300 Hz-3KHz. In computer 
network the bit transmission rate depends on bandwidth. When digital or binary data 
is to be transmitted it is expressed in terms of baud rate it is measured in bits/ sec or 
“bps.” In networking bandwidth is measured in bps. 

For analog signal communication like audio/TV signals bandwidth specifies 
the capacity of carrying varying signals without loss of signal. The larger the 
bandwidth of a channel the higher is the capacity to carry information. The media can 
carty many signals at a time in that situation bandwidth will decide how many signals 
that it can carry. These concepts of carrying signals are known as base band and 


broad band transmission. 


Channels... 


I 
+ \ 


f 
Base Band 
(a) _ Fig. (5.5) Idea of Base band and Broadband (b) 


Broad Band 


iv) Band Usage =. van 3 | 

A channel or bandwidth is an expensive resource. In computer network 

except for short communication lines, many computers use the bandwidth. The 
bandwidth is shared’so that maximum usage is obtained. The method of dividing 
bandwidth refer fig. (5.5) into many small channels to transmit a number of signals 
independently is known as multiplexing and such a bandwidth is known as broad 
band. On the other hand when it is for only one channel signals like telephone on a 
*twisted wire refer fig. (5.5a) known as base band. More efficient method is broadband 


transmission by using separate carrier to make it distinct for each channel. Refer fig. 


(S.5b) f1, f2 are separate carriers allocated for each channel. The signal is modulated 


and not direct signal. 


| 
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Comparison 
Baseband 

1) Only one channel is 
transmitted on available 
bandwidth. 

2) Original information is 
directly sent on line. 

3) Small band width can‘ 


Broadband 
1) Many channels are transmitted 
on a available bandwidth. 


2) Information is modulated & | 
indirectly sent in different form. 

3)Big band width is required to 
transmit more channels. 


be used 
4) e.g. LAN or a telephone 4) Cable TV channel 
line. transmission. 
_ 5) Twisted wire cable 5) Co-axial cable carries braod 
is used band transmission. 


vy) Electromagnetic Interference (EMI) ne 
It affects the signal which is transmitted through a media. EMI is caused by 


outside electromagnetic waves and also unwanted noise signals produced by various 
electrical appliances. EMI is interfering the signals and makes difficult for computers 
to decode the signal. } . 


yi) Attenuation 
Electromagnetic signals tend to weaken during transmission known as 


attenuation. As signals pass through the medium part of the signal is absorbed and 
makes the signal weak. 


MULTIPLEXING 


This is the technique of utilizing an available channel effectively. These are 
three methods of multiplexing. It belongs to broadband communication. 
a) Space Division Multiplexing (SDM) 
b) Frequency Division Multiplexing (FDM) 
c) Time Division Multiplying (TDM) 

By means of multiplexing the available channel is divided into many channels 
to maximize the utilization of the channel capacity. 
a) Space Division Multiplexing (SDM) : 

This is the simplest method of physical multiplexing in which physically 

individual communication lines are packaged at the source.At the receiving end each 
line slot is separated to connect each line to individual destination as shown. 


Modulator De - modulator 


(a) Fig. (5.6) Idea of SDM and FDM (b) 
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The advantage of this method is that it allows individual line to each user & it 
uses base-band for short distances. Another advantage of SDM is that the system is 
simple to install and use. 


p) Frequency Division Multiplexing (FDM) 

This is the method of multiplexing where the medium is carrying multiple 
individual channels instead of using separate Physical wire for each channel. It means 
that in FDM physical channel carries a number of small logical channels on a 
common cable. In fact each channel is transmitted by means of modulation & at the 
receiving end it is demodulated for this purpose it requires modem. In FDM each 
channel sends information by using a separate carrier frequency as shown in the 
figure fl, £2, ...... fn. 

Since each carrier frequency is different, they run simultaneously through the 
cable. At the receiving end they are separated by means of demodulator. 


c) Time Division Multiplexing (TDM) 
TDM is a very popular modern technique of ‘utilizing the capacity of a physical 
channel effectively. As name suggests in TDM each user of the channel is allowed to 
transmit for a small time interval after every periodic time. So that user can utilize full 
bandwidth in allocated time slice. As shown in the figure the physical channel carries 
information sequentially such as A3, A2, Al and received in sequence as Al, A2, A3. 


Time slauts 
Received 


Time slauts 
Transmitted 


Fig. (5.7) Concept of TDM 


5.6 STUDY OF TRANSMISSION MEDIA | 


Media can be broadly classified in to two groups. | 
A) Bounded Media — like twisted wires, Co-axial cables, fiber optic cables. 


B) Unbounded Media — like radio waves, microwave, infrared etc., 
TRANSMISSION MEDIA 


A) Bounded Or Guided Media B) Unbounded or Wireless Media 
Twisted Pair, Coaxial Cable, Optical Fiber Packet Radio, Microwave, Satellite 
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3. Fiber - Optic Communications 

The conventional electrical wave communications as discussed in this topic was 
with the help of copper cables and by radio communication through air or space using 
a high frequency carrier. These communication systems facing the two important 
problems till today; . 

1) Limited information carrying capacity due to limited bandwidth. 

ii) External noise interference resulting in poor quality communications. 


Recently, in late nineteenth century one scientist proved that using light waves 
instead of electrical waves for carrying information could easily solve these two 
difficulties. The light wave can be efficiently conducted through transparent glass 
filer cables known as optical fiber cables. The communications carried out by optical 
fiber cable and using light wave is known as fiber optic communications and it is 
becoming more popular in telephone communications as well: as other digital 
communications systems of networks. 


Advantages over conventional cables 


l. Fiber optic cables can carry much information at a time. It provides widest 
bandwidth. The data rate is 100 Mbps to 2 Gigabits/sec. 

2. Fiber optic cables are very small in size as shown in fig.(5.9) so that many - 
cables can be crowded to carry more and more information in a small space. 

2. Fiber optic communication uses light source of extremely high frequency 


3x10° GHz and with a very high ‘velocity it is the fastest communication with 
maximum bandwidth. 


4. In fiber optics, the transmitters and receivers are very simple and provide 
reliable communications. ; 

ey With fiber optic cables the signal can be transmitted over long distances with 
negligible attenuation. : 3 

6. These are lightweight cables having very small diameters than conventional 
copper cables. 

7, Since they are prepared by fiber material like silica glass, silicon di-oxide they 


are electrically bad conductors they are free from electrical interference 
resulting in noiseless communications and also provide shockproof 
communications. 

8. Fiber optic cables cannot be tapped like cable TV signals and also they do not | 
radiate signals they provide secured communications. 


9. As compare to copper cable, fiber optic cables are very strong, flexible, can 
stand with high temperature and do not show corrosion due to water or 
chemicals. | 

10. 


Fiber optic cables can be used effectively for variety of communications 
systems. 
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=e System Of Fiber Optic Communications 

Fiber optic communication is a light wave communication. A light signal is 
passed through a fiber optic cable known as light pipe or light guide. The light signal 
propagates through fiber cable by multiple reflections in zigzag path. Some part of 
the signal is lost due to internal absorption. Light is a signal it is an electromagnetic 
wave like radio wave. The light pipe carries many signals like many telephone 
channels through the cable without any interference. 
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3 Transducer Fiber optic cable Transducer 


Outer cladding 
Inner core 


Fig. (5.10) Fiber optic communications system 


Comparison Of Bounded Cables 


Twisted pair Co-axial cable Fiber optic cable 


a) Cost Inexpensive Twice or thrice than |. Expensive 
twisted pair 


b) Installation Difficult 
d) EMI effect 


e) Band width | 1 to 100 mbps/100 500 mbps/ 100 mtr. | Gega bps/km. 
mtr. 
4 9 


[fsignal type [Electrical S| Electrical | Light signals. _| 


B) | UNBOUNDED (WIRELESS) MEDIA 
In this group of wireless media radio waves in the very high frequency (VHF) 
band which are not used for any other communication may be used for: 


communication between computers. 


Advantages: : 
1) The advantage of wireless media is high data rates by using large 


bandwidth which can give transmission speed around 24 Kbps. 
2) By this media the communication can reach rural and hilly areas. 
3) Bandwidth for digital data 1 to 10 Mbps. 
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Disadvantages: 


1) VHF waves are corrupted by atmospheric noise and error may introduce in 
data and affected by EMI. 

2) Lack of security, because radio waves may be received by any one. 

3) The installation cost is very high and installation is complex. 

4) Attenuation is very high it can be minimised by using repeaters. 

There are three types of unbounded media communication: 

1) Packet radio 

It is a combined packet radio having both transmitter and receiver with 
different frequencies. A packet radio is attached to each terminal and the computer. 
The information entered on a terminal is transmitted using the packet radio and 
received by the computer. Information is processed and results are transmitted back to 
the terminal by the computer. 


2) Microwave Media . ; 
Microwave communication use wave guides and repeaters. Microwave is 
extremely high frequency about 100 Ghz. Since microwave can also bend or pass 


obstacles like hills. For this purpose repeaters are used between two hills they are 
placed in a line of sight. 


4c 
Am 


Packet Radio Packet 


radio =* ~waves radio 
Transmitting Receiving 
Station Station 
Packet Radio Fig (5.11) Microwave Communications 


3)Communication Satellite Media 
Microwave signals like television; the ionosphere cannot reflect radar Signals. Only 
way to transmit these TV signals to transmit the signals directly from the tower to the 
receivers. But due to direct transmission of such a high frequency signals they can 
propagate up to only limited area only in the line of Sight area. It happens due to 
earth's curvature that’s why TV towers are located on top of the hills. As illustrated in 
fig (5.11) the area can be increased by making multi- trans-reception where signals 


ng transmission from tower A to B then B toC 
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To overcome these difficulties one master repeater can be launched in to the 

space by making it geostationary. It is a satellite, which can be sent in to the space so 
that it can cover maximum area of the earth’s surface as shown in fig (5.10) 
In this way a communication satellite is an artificial satellite orbiting round the earth 
in the same direction as the direction of the earth movement and with the same 
velocity to make it stationary. In other words "a satellite is an electronic 
communication system that orbits around the earth". Now the idea is very clear 
that the TV signals are sent from the tower on the earth to the satellite in the space. 
The satellite amplifies these signals and re-transmits them back to earth. In satellite 
communication, the signal communication is in full duplex the earth station and 
satellite both contains transmitter and receiver. 


About the satellite 


A satellite is an artificial revolving object round the earth. 

It contains different communication electronic systems 

It is launched for long distance as well as microwave communications 

The satellite is a full duplex system since it is a two-way communication 

Satellite communications increase the area of coverage oe 

It can be used for a variety of useful applications like telecommunication, 
meteorological information, cellular phone etc. 
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Fig (5.12) shows the basic use of communication satellite where the stations on earth 
are known as earth stations or ground stations and the satellite as a remote station 


since it is in remote area as space. 


Communications 
satellite repeater 


Receiving 
Station 


Transmitting 
Station 


Fig (5.12) Use of communication satellite 


The operating steps are: 

Li, An earth station transmits information to the satellite by using a carrier known 
as “up link” frequency. 

2. The satellite receives the up-link it amplifies :¢. 


284 Networking Technology 


a 
The satellite transmits the amplified information signals by re-transmitting jt 
on another carrier frequency called as “down link” frequency towards another 
earth station on the earth. 


5-7 NETWORK CONNECTIVITY 


A small network normally grows but it can not grow beyond certain limit it 
affects its performance like drop in printing speed, machine's response etc. It needs 
network expansion. Typically two main types of expansion are needed 
e Expansion within a network called network connectivity | 
e Expansion of two or more networks called internetwork connectivity 

To expand a single network without breaking in into new parts or connecting 


it to other networks some standard connectivity devices are used such as: 
1. Hubs 


2. Modem 
3. Repeaters 
4. Routers 


1) HUBS 


This is the simplest connectivity device used to extend a network. All networks 
(except those using co-axial cable) requires a central junction are called hubs. 


Fig.(5.13) Use of Hub in a Network 
Fig.(5.13) shows a simple network inter-connected with hub. Hub is a 
structure with which cables can be connected without soldering wires. There are three 
types of hubs: 


a) Passive hub: It simply combines the signals of network lines. There is no 
amplification or boosting of signals. 


b) Active hub: Since this device not only inter-connects but also amplify and 


clean-ups Signals, it is known as active hub. This hub contains electronics 
circuits. | 


\ 
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c) Intelligent hub: In addition to signal amplification and regeneration, this type 


of hub performs intelligent work like network management and intelligent 
path selection. 


2) MODEMS 

If you are using computers for Internet or E-mail communications then you must 
have heard about Modems. Modem is a technique of using a telephone line for digital 
communications. If you want to use computers for communications may be for short 
distances or very long distance communications the Modem is the technique that is 
used to interconnect computers by using a very common media telephone line. 
Suppose you want to use radio communication technique then every one has to use 
receiver and transmitter which is impossible. Secondly if you use a telephone line 
directly for transmission of digital data the line is not compatible due to its ability of 
transmitting audio tone or analog signals with very small bandwidth of about 3 KHz. 
The following main problems involve while directly using a telephone line 
i) The telephone line produces electrical disturbance. 
il) Small telephone line -bandwidth. 
iii) Capacity to transmit only analog signals like audio signals. (300 Hz to 3 KHz) 
iv) The analog circuitry is not compatible for digital data transmission. 


To overcome these difficulties a new technique is employed modem it stands for 
modulation - demodulation techniques. The electronic equipment, which provides 
this technique, is known as modem. When digital information is to be transmitted 
over long distances by using a telephone line it becomes necessary to convert digital 
data into analog signal (within voice frequency range) before transmission on a 
telephone line by using modulator. At the receiving end it is necessary to convert 
information from analog to digital by means of demodulation. While using the 
telephone line for digital communication in full duplex or two way communications 
modulator - demodulator unit is used at both ends. Modem is necessary at both 
computer stations. : 


Modem Process: , 

Let us see how modem is functioning for digital communication between the two 

computer terminals located at two distinct (long distance) places. Refer Fig (5.14) to 

understand its simple function 

Digital communication between the two computers A and B is carried out in the 

following steps 

I The user at computer ‘A’ sends data in digital form. The computer ‘A’ is 
modulating digital data into analog form; the modulation technique may be 
FSK (Frequency Shift Keying) type. he 

2) Modulated signal is within telephone frequency range it is transmitted over 
telephone line by selecting a proper dial code. 
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Telephone System 


Fig. (5.14) Use of Modem 


3) The computer ‘ B’ terminal is selected by its dial code. 

4) The modem of computer ‘B’ is converting analog modulated signal into 
original digital data by the process of demodulation. | 

5) The demodulated digital information is processed and displayed on the screen . 


of terminal B. 

An opposite and similar action is carried out while transmitting the data from 
Computer ‘B’ to Computer ‘A’. A simultaneous communication is possible by using 
two separate frequencies to avoid interference and to provide full duplex 
communications. 


Applications of MODEM 
Modems are specially designed for the following modem communication 
system; it is becoming more useful for 
1) Fax communications 2)E-mail Communications 
3)Chat Communications 4)Internet browsing 


3) REPEATERS 
As name itself suggests it expands network length. If the network is to be used 
beyond pre-defined limit repeater is used They simply regenerate physical signals on 
a network as shown in the figure. Repeaters can be of both types. The first type is 
amplifying the entire signal, while the second type where repeaters, creates an exact 
duplicate of signal known as signal regenerating repeaters. 
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Fig. (5.15) Role of Repeater 
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4) ROUTERS 


This is the inter network connectivity device used to inter-connect two or more 
independent networks. Router is a combination of hardware and software. The 
hardware can be a network server, a separate computer or a special black box device. 
The software like algorithms are used to determine the best path by which to send a 
signal packet. It also include operating system. 


Figure shows the role of repeaters in an inter network consisting of four 


networks. Routers use logical and physical addressing to connect two or more 
logically separate networks. Router are used: 


a) to divide a big network into small networks called subnets. 
b) to connect a small network to big network like LAN to WAN. 
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Fig. (5.16) Role of Router 


A router maintains a table of available routers and their status. Router use this 
information along with routing algorithm to determine the best route. 

The routers can be static type or dynamic type. The static routers do not route 
path themselves while dynamic routers determine path themselves. 
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5.8 NETWORK ARCHITECTURES 


When you work on networks you will come across several network 
architectures. These architectures are designed to solve specific problems and each 
has physical layout of connecting devices, cables, network cards and protocols. The 
two popular architectures are discussed here: 


1) Ethernet 

Ethernet is a most common physical network architecture in use today. Ethernet is 
a simple method of connecting many computers together in a LAN. It is a bus or star 
bus topology using baseband signaling. Ethernet use passive medium like twisted 
pair, co-axial cable. According to their data transmission speed and physical media 
type there are standard types of Ethernet such as: 


e 10 BASE 5: Speed 10 Mbps(10) and thick co-axial known as thicknet. 
Maximum cable net 500 mtrs.(5). } 

e 10 BASE 2: Speed 10 Mbps(10) and thin co-axial cable known as thinnet, 
Maximum length 200 mtrs.(2) —— 

e 10 BASE T: Speed 10 Mbps(10) and uses UTP twisted pair 100 mtrs. 

e 10 BASE FL: Speed 10 Mbps(10) uses (FL) 

e 100 BASE VG: Speed 100 Mbps(10) twisted pair.(VG-Voice Grade) 
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Fig. (5.17) Ethernet Architecture 10BASE T HUB 
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Role of Ethernet 


In case of Ethernet workstations send signals in the form of packets across the 
network. When a collision takes place it stops transmissions of workstations and 
allows to re-transmit after random internet of time. Ethernet uses CSMA/CD protocol 
it is Carrier Sense Multiple Access with Collision Detection Protocol. 
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2) Token ring 
Token ring architecture was developed by IBM as a high reliable network. It is more 
complex than Ethernet. It uses physically star topology but logically ring topology. It 
uses physically UTP or STP cables and also can use fiber optic cable to extend a 
network.There are different types of token ring cabling as per IBM standards. 

Type 1: Uses STP cables and used within the same building. 

Type 2: It uses twisted pairs and allows to use it for both telephone voice 
signals and computer data. In the same physical area or room. 

Type 3: Uses UTP or STP but for limited distance. 

Type 5: It uses fiber optic cable but only on the main ring path. 


Fig. (5.18) Token ring Cabling 

Role of token ring 

In this architecture each workstation is attached to a controlled card and all 
workstations function logically in a ring. Each in the ring acts basically as a repeater. 
The ring passes a free token (a small frame with a special format) around the ring in 
one direction. A station in the ring receives the token from its nearest upstream 
neighbor, when a station receives a free token, it knows it can attach data and send it 
to nearest down stream neighbor in the ring. If the station has no data it will pass 
receive data. In token ring, each station is given an equal chance to have the token 
and take control in order to pass data. 


5.9 PROTOCOLS 

These are the set of rules or standard designs to enables computers to. be 
Connected to each other and transfer information through a network. When the 
network is too big for the communication, a well understood standard method of 
communication and physical inter connection should be established. When computers 
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in different countries are to be connected together then their must be different 
standards of different nations. It becomes very complex communication. This 
problem can be solved by making common rules to inter connect and communicate 
between computers are known as protocols, all the entities in the network must agree- 
on these protocols. 

In such a network data is transmitted in the form of packets on the network. 
. The packet contains standard format. The format is decided by the type of Protocols, 
The format of packet in a type of protocol specifies the following information such 


as: . 
_ (Header | Data | Trailer _ 
a) Header: (Start of packet) 


It specifies source and destination address. 
b) Message: (Data) . 
This part of packet contains actual data or information. The information 


coding also decided by protocol standard. e.g. data, nibbles or in.bytes or in ASCII or 
EBCDIC and so on. 

c) Trailer: | ; . 

In this part of packet, ending information is transmitted like error checking 
and correction information. — | 

When this packet is transmitted during the transmission, message may get 
damaged or loosed due to serious reasons, for this purpose this information is sent in 
the trailer part. | 

There are different international standard protocols at different levels. 

a) TCP/IP (Transmission control Protocol and Internet Protocol), etc. 

b) UDP (User Data Protocols) 

c) ARP (Address Resolution Protocols) 

d) ICMP (Internet Control Message Protocols) 


Internet Protocol: 


The Internet protocol was developed by United States Department Of Defense 
to interconnect educational institute and government installations. The protocol, 
Which has become extremely popular, is known as TCP/IP (Transmission control 
Protocol and Internet Protocol). This Internet protocol do not belong any one 
company and the technology is available to everybody. Due to this Internet protocol 
1S Supported by the widest variety of vendors. 


TCP/IP Protocols: 


TCP/IP Internet protocol use three types. of addresses for network addressing 

1) Hardware or physical address, it is used by the data link and physical 
layers. It is hard coded into the network cards at each device. 

2) Internet protocol address provides logical node identification. This address 
is unique address assigned by an administrator according to certain 
guidelines. It is expressed in four parts dotted - notation. 
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3) Logical node names, which an administrator can assign, are easier to 
remember than an IP address. 
e.g. BARNEY.COM 


IP Internet Protocol 

IP works at the network level. It is a connection less data from protocol. IP 
uses packet switching and performs route selection by using dynamic routing tables 
that are referenced at each hop. This packet making up a message could be routed 
differently through the Internet work depending on the state of the network at each 
hop. €-g- If a link. were to go down or become congested, packets could take a. 
different route. Internet Protocol (IP) performs the following functions and uses the 
methods as follows: | | 

1) For addressing, IP uses the logical network address. 

2) For switching purpose, it uses the packet switching method. 

3) For route selection, it uses the dynamic method. ) 

4) For connection services IP provides error control. 


ACCESS METHODS 

As explained earlier when more than one node try to use transmission media it 
results in collision. To minimise or avoid collisions there are certain methods called 
access methods. There are three techniques as follows: 

i) Contention ii) Polling ~ iii) Token passing 
i) Contention: | 

Contention means to struggle; nodes are struggling for accessing 

media. This is more useful in LANS. In contention-based network each node is 
observing media before transmitting. There are two methods known as carrier 
sensing and carrier detecting. In carrier sensing method, each node listens or 
sensing the media if media is busy it is waiting till it becomes free and then starts 
transmitting. On the other hand in carrier detecting method, nodes are continued to 
listen media and if another carrier is detected then it stops and waits for random 
amount of time. Applying these methods the number of collisions is reduced. 


ii) Polling: 

In polling based method the network traffic is controlled by a device 
called controller, which polls the node that is ready. It is continuously checking that 
which node is ready to transmit or receive and polls down to media. 

iii) Token passing: 

As explained in token ring architecture it is forming a ring and 

circulating token known as frame to each node. If node is ready at the moment when 


it has token it occupies media to transmit or receive. After finishing its work, it passes 
token to the next node in the ring. 
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| ~ QUESTIONS 


1) Select the correct alternative and rewrite the sentence: 
1) If the network is to be extended beyond predefined cable limit iS used. 
1) Modem, ii) Repeater, iii) Hub, iv) Router (Mar. 2002) 
cable type is ideal for connecting between two buildings. 
1) UTP, ii), STP, iii) Co-axial, iv) Flat (Specimen Paper) 
3) Token ring belongs to Topology - 
1) Star Ring, ii),Star Bus STP, iii) Mesh, iv) A Star Bus 
cable has highest bandwidth 
i) UTP, ii), STP, iii) Co-axial, iv) Fiber optic 
5) While installing an Ethernet 1OBASE T network 
1) Twisted pair, ii), Thinnet, iii) Co-axial, iv) Fiber optic 
6) The transmission rate of is typical for fiber optic cables.  (Oct.03) 
1) 10 Mbps, ii) 25 Mbps, iii)100 Mbps, iv) 5000 Mbps 
7) A device used for modulation and demodulation process innetworkis_ 


2) 


4) 


cable is required 


1) Hub, ii) Router, iii) Modem, iv) Repeater (Mar.2004) 
8) The transmission rate of is typical for the fibre optic cable. 
a) 10 mbps 5) 25 mbps c) 100 mbps_ d) 500 mbps (Mar. 2005) 


9) does not regenerate the computer signal in networks. (Mar. 2006) 
a) Passive hub __ b) Active hub c) Repeater d) All the three 
10) cable has highest bandwidth. (Mar. 2007) 
a) UTP b)STP c) Co-axial _—d) Fiber optic 
11) Most widely used and economical cable for network installation is—__ 
a) Fiber-optic b) UTP c) STP d) Co-axial (Mar. 2008) 
12) If length of cable is very long then —W is used in between the weakened 
signal to its original level. (Mar. 2016) 
a) MODEM _ b) HUB c) REPEATER d) ROUTER 
2) What is transmission media? Explain in short six characteristics of Transmission 
media. (Mar. 2017,2019) 
3) Compare the characteristics of fiber-optic cable and UTP cable. Mention at least 
three points. (Mar. 2002) 
Define Bus, Ring and Star Topologies. Draw simple diagrams. (Mar. 2002,2016) 
What is meant by protocol? Explain the concept of TCP/IP protocol. 
(Mar. 2002,Oct.03, Mar.04,07,19) 
Explain any four points to explain why wireless networks are useful? (Mar. 2002) 


9) 
5) 


6) 
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7) Write the functions of each of the following devices in short: 


a) Modem, b) router, c) hub, d) repeater (Mar. 2002,Oct.03) 
8) Compare characteristics of fiber optic cable and co-axial cable. Mention at least 
three points. (Specimen Paper) 


9) Define topology. Explain STAR and RING topologies with diagram. 
(Specimen Paper,Mar.06) 
10) Write a short note on unshielded twisted pair cable with its characteristics. 
(Specimen Paper) 
11) Explain the following characteristics of transmission media: | 
a) Bandwidth, b) band usage, c) attenuation (Specimen Paper) 
12) Explain hub and repeater in detail. (Specimen Paper) 
13) Write any four advantages of fiber optic cables | 
14) Why satellite communication is preferred than other wireless communication? 
15) Explain WAN, MAN and LAN. (Mar. 2016) 


16)Compare the Coaxial cable with Twisted Pair cable. Mention at least three 
points. (Oct.03,Mar.05) 


17) Explain the ring topology and token passing. _ (Oct.03,Mar.06) 
18) State four LAN wireless transmission methods. Explain any two. (Oct.03) 
18) Explain in short the six important characteristics of transmission media. (Mar.04) 
19) What do you mean by network topology? Explain in brief the two basic 


categories of topology. (Mar.04) 
20) Compare any four attributes of UTP and Optical Fiber Cable. (Mar.04) 
21) Write a short note on Ethernet. ) Mar.05,2016) 
22) What is a Hub? Explain its types. , (Mar.05,2020) 
24) Explain router and Modem with their uses. | (Mar.06) 
25)What do you mean by Networking? State any three differentiation points between 

LAN and WAN. (Mar.06,2019) 
27) Explain any four points to explain why wireless networks are useful? (Mar.07) 
28) Discuss any two Access Methods of Networking. (Mar.07) 
29) Write a short note on MODEM. (Mar. 2016) 
30) Explain the structure of fiber optic cable. (Mar. 2016) 
31) Define Topology. Explain Physical and Logical Topology. (Mar. 2020) 
Answer Q. (1) 


1) Repeater 2) Co-axial 3) Star Ring 4)Fiber optic 5)Twisted pair 6)100 Mbps 


7)Modem 8)100 mbps 9)Passive Hub 10)Fiber optic 11)co-axial. 12) Repeater 
OOO 


PAPER-II 
PRACTICALS 


HINTS FOR PRACTICALS (PAPER-ID) | 

While working on a microprocessor kit you are required to write programs in 
assembly language. Write the instructions in programs in mnemonic form. This is 
called assembly language. Once written in assembly penguage codes the program in 
machine codes (Machine language). 

Writing a program is equivalent. to giving specific commands to. the 
microprocessor in sequence, to perform a task. This process can be divided into 
following steps. 

Step 1: Read the problem carefully 

Step 2: Break it down into small steps 

Step 3: Represent these small steps in possible sequence with a flowchart 

Step 4: Translate each block in flowchart into appropriate mnemonic 
(assembly language) instructions ~ oa 

Step 5: Translate assembly language program to machine code (machine language). 
Steps1 to 4 accounts for assembly language program development. 

Step 6: along with steps 1 to 4 accounts for the development of executable machine 

language program. 


Illustration: We will now apply this approach to solve following problem. 

Problem statement: Write a program in 8085 assembly language to add two 8-bit 
registers (sample Program). 

Problem analysis: The problem can be broken into following subtasks. 


1 | Load register A and B with any two nos. 
2 Copy data of B in another register. 


Z Add contents of B with A 


We now ask following questions for the step indicated. 

a) For Step 1: Is there an instruction available to load register with data 

b) Answer: Yes, Use MVI instruction 

¢) For Step 2: Is there an instruction which will copy contents of register B to D 
‘d) Answer: Yes, Use MOV instruction 

e) For Step 3: Is there an instruction which will add contents of register B to A 
f) Answer: Yes, Use ADD instruction 


Flowchart: 
Draw the flowchart symbolizing flow of actions to be taken. 


program Writing: 
The final assembly language program can be written i 
ormat includes following columns. 


a) Address b) Machine code _c) Label d)Mnemonic/Operand 


nh a standard format this 


e)Comments 


Normally columns c,d,e are prepared first and after coding the program col 
and be are completed. (Refer OPCODE Chart Page no. 307 of this book) a 


(Journal Write-up) ) 


After completing the program writing, connect the microprocessor Kit to power 
supply and enter the above program from address 4000H just by entering opcodes.. 
Execute the program by operating routine provided with Kit. 

Check the contents of Register A, BandD _ 

You should get A =23H, B=12H and D=12H 


Example: Consider an example of Memory Block Transfer 
. Source Address = 4300 to 43FF Destination Address = 4400 to 44FF 


Important Note: : . 

l. Refer this sample program given below while entering three byte instruction like 
LXTH4300H enter in the sequence (Opcode Of LXIH=21), (Lower byte= 00) and then 
(Higher byte= 43) 

2,While writing the Branching instructions like JUMP write the address of Labeled 
Loop e.g. in the given program to enter JNZ STORE enter in the sequence(Opcode 
Of INZ= C2), Address of STORE Loop (Lower byte= 08) and then (Higher byte= 40) 


Operand 


‘Starting Address of 


ae 

SS ee 
‘Starting Address 0 

/—_j i. ‘Destination in DE 


en 


ASSEMLY LANGUAGE PROGRAMS 


Exptl: ADDITION : 

a) Write a program that adds the contents of a block of memory using the DAD 
instruction. Block length is stored at 4050H and starting address of block is 
4051H. Store the TWO-byte result below the end of the block. (20) 

b) Enter the program on the microprocessor kit. . 

c) Execute the program. Write the contents of the data, memory locations 
before and after execution as well as the contents of the registers used in the 
Program after execution and also the bit contents of all five flags individually. 
Verify the results. , 

|_Mnemonics [Comment 


LXI H, OOOOH initialize HL = 00 
4006/01 4040 [| — T[LxI B, 4000H __| ; set data pointer BG=4040H 
4009 


LDAXB_ ; first data in Acc. 
|MOVE,A |; storeittoregE 


Be 
S 
: 


4008 fig ADD __—Tralteot adaitien (LE DF SH 
| 4006 fos inxs increment data pointer 
| 4000 [79 |[MOVA.C | slower address byte to Acc. 

400E FE 45 


;compare with lower byte of las! 
address 


| | UNZUP sd ;Jump if not finished to UP 
| [MOVATH_| ;move lower byte result in Acc 


401 C2 09 40 


Store at next mem. Address 
;increment data pointer 


= | MOV.AD.- | ;Store upper byte of result 
{stax store at next mem. Address 4 


HP/H/AS[HAlH 

OlO;O/O/|oO 

eo ek ff ek | ek | 
CIN | D/O) /w/o 


401 
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Result of addition: 


| 30H —_—=s| Lower byte of addition 
n 


Le a ee me a 
a: aaa 
ae ae Te Se 
Expt.2: SUBTRACTION | | : 
a) Write a program that subtracts the number stored in 4021H from the number 
stored in 4020H. Store the absolute difference in memory location 4022H as 
the result. (20). | 
) Enter the program on the microprocessor kit. ee (5) 
c) Execute the program for a positive as well as negative difference. Write the 
contents of data memory locations before and after execution as well as the 
contents of the registers used in the program after execution and also the bit 


contents of all five flags individually. Verify the result. 


fAddrs | Opcode | Label | Mnemonics [Comment 


A/S 
O|O 
A/f- 
op Te) 


4000 
4003 


MOV B, M store next data to reg.B 


te 4 Ba 

ae 

ae 

Rae 

4006 SUB B ‘Subtract contents of B from 

ints ier beecallie od | "ial 
ae ae 

Ree 0 

Pod 


4007 | 23 INX_H 
4008 MOV M, A ; Store the result 


Expt.3; 4 BYTE ADDITION 

a) Write a program that adds a 4 byte integer stored in consecutive memory 
locations starting from 4040H beginning with Lower order byte to another 4 
byte integer stored in consecutive memory location starting from 4050H 
beginning with Lower order byte. Store the result in consecutive memory 
location starting from 4040H. (20) 

b) Enter the program on the microprocessor kit. | (5) 

C) Execute the program. Write the contents of data memory locations before 
and after execution as well as the contents of the registers used in the 
Program after execution and also the bit contents of all five flags © 
individually. Verify the result. (5) 


[| Opcode | Label | Mnemonics [= Comment 

AF |) XRAA __| ;resets carry flag 

(0604. | |MVIB,04H _|;setcounterinregB 

[214040 || LXIH, 4040H_ _[;setmemory pointer in HL___ 
| LXID, | 


1150.40 D, 4050H set memory pointer in DE 
has, 1A UP: LDAX D ‘load Acc. with data from 
_ | address of DE 


298 Practicals 


-add it with data from memory 
pointed by HL 
ein tte. 2 
[_[INXD _| ;IncrementAddressinDE 
[-[INXH _| ;IncrementAddressinHL 
| 400E [05 | |DCRB | ;Decrementcounter_ 
| UNZUP 
es el 2 


Expt. 4 : MULTIPLICATION /DIVISION | 

a) Write a program that multiplies TWO 1 byte Hex numbers stored in 
consecutive memory locations starting from 4050H. Store the two byte result 
in the consecutive memory locations starting from 4052H beginning with 
Lower order byte. , 3 3 | (20) 

b) Enter the program on the microprocessor kit. (5) 

c) Execute the program. Write the contents of data memory locations before 
and after execution as well as the contents of the registers used in the 
program after execution and also the bit contents of all five flags individually. 
Verify the result. (5) 


10000 [| | 
400D | 17 MVLT: 
400E_|D2 1240 |. | 
4011 i ay aoe 
4012 ADD 1 
4013 |CA 1A 40 


4016 


— —/N3 


Nh 


Input data:4050 09H ;multiplicant 
4051 04  ;multiplier } 
Result: 4052 24H = (09x04=36) in Decimal. | 


Expt.5 DIVISION 
a) Write a program that divides TWO 1 byte Hex numbers where the dividend is 
stored in 4060H and the divisor is stored in 4061H. Store the quotient and the 
remainder in the next consecutive memory locations respectively. (20) 
b) Enter the program on the microprocessor kit: 5 
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3) a oe a Write the contents of data memory locations before 
Srogram after saan te well as the contents of the registers used in the 
ten on and also the bit contents of all five flags individuall 

erify the result. g Iv ey 


‘set memory pointer 
‘move data to Acc. 
; increment memory 
address 

move data to reg. B 
‘set counter C=0 

subtract data of B from A 

eee ‘increment counter 

rapa SSCdTCSSSCSCSC~CS COMP B___.; compare with B 
rJNC LOOP _| ;jump if not finished to Loop 
rINX H _| ; increment memo pointer - 
‘Store C in memo 
‘Increment memo pointer 
‘Store result in memo 


ie 


det 


Input Data: 4060 90H Output: 4062 30H (144+03 =48)in decimal 
4061 


03H , 


Expt. 6: BCD ADDITION | och 
a) Write a program that adds the BCD contents of a block of memory. Bloc 
length in Hex not exceeding 63n = 99,, is stored at pyaar beets 
address of block is 4051H. Store the BCD sum ese starting fro aa ry 

(5) 


copes th j roprocessor kit 
b) Enter the program on the mic eee 
i tents of data memory locations be 
ty acne ters used in the program 


c) Execute the same. nel 

ion as well as the contents of the registers US*" 

a peer and also the bit contents of all five flags individually. a 
result. . 


‘set memo 


-set counter C=0 
Se earry ag to 


| -decrement co 
[oon — jump if not finished to NEXT 
set memo inter 


LX! H, 4060H 
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. 4012 1|CD3040 |_| CALLUNPCK 
| 4015 [7s =| = S| MOVA'B | smoveBtoA 
| 4016 [CD3040 | [| CALLUNPCK | ;callsubroutine 
| 4019 [cr [|  —~s[RST1  _—s—i[irestart CS 
Subroutine BCDAD: 

ee 0 ).V. 

a 

| CLTMOVD,A 

fac 

Eo td 


402A 


A/LH/H/H/HIH/HI AIA 
Ol/O/OlO/OlOs/O!lO/O 
NIM IMINIDIDM/NID Po 
O/C IN] 01/1) G/M} —|O 
N ||P NOV nN 
fo) 
—, 


Subroutine UNPCK: 


| 4030/57 
| 4031 |E6OF | 
| 4033 [77 | T MOVM,A |; move data fromAtomem. _ 
| 4034 [2B | DCXH | decrement memory pointer 
| 4035 |7A | | MOVA,D  [;movedatafromDtoA _— 
| 4036 |E6FO | | ANIFOH | make logical AND 

| 4038 |oF | RRC GRotateright ss SSC=* 
| 4039 [OF {| RRC | GRotateright SSS 
| 403A |oF | RRC S| SRotateright ——=SSSC~d 
| 4038 |oF | RRC Cd SRotateright ——SSSSS—~—S 
_403C_|77 | | MOVM,A |: move data from Ato mem. 
4030 [2B | | DCXH [decrement memory pointer 

| 403E_|co | 


13H 7 


14H 
15H 
16H 
17H 


Expt.7:BLOCK TRANSFER 


a) A block of data is stored in memory locations from 4050H to 405FH. Write the 


program to transfer the data in reverse order to memory location starting from 
4060H. (20) 


b) Enter the program on the microprocessor kit. (5) 
Cc) Execute the same. Write the contents of both data blocks before and after 
execution as well as the contents of the registers used in the program after 


execution and also the bit contents of all five fl indivi e 
results. ags individually. bane a 
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| Opcode | Label | Mnemonics | ~—~Comment. 
(O60F | ~~ | MVIB,OFH | jsetcountertoB 
215F40 | | LXIH,405FH | ;setmemorypointerHL 
(116040 | | LXID, 4060H 
NZ UP 
ST 1 step, 


Expt.8: EXCHANGE OF THE CONTENTS OF THE BLOCK 

a) A block of data is stored in memory locations from 4050H to 405FH. 
Another block of data having the same length is stored in memory 
locations from 4040H. Write the program to exchange the contents of 
these two blocks. (20) 

b) Enter the program on the microprocessor kit. (5) 

c) Execute the same, write the contents of both data blocks before and after 
execution as well as the contents of the registers used in the program 
after execution and also the bit contents of all five flags individually. Verify 
the results. (5) 


[Label | Mnemonics _ 
LXIH, 4050H ‘set memory pointer in HL 


ea , 
4003 | 11 4040 Ser LXI D, 4040H -set second memory pointer in 
DE 


(0605 ~=—||~—S———sd| MVI.B, OFH -set counter B=05 

(1A | UP: | LDAXD ‘load Acc. from mem. of DE 
4009 [4F | SC«| MOVCA 

ree 

2, oe 


ES 


“i155 

Ar 

ol> 
= 


=|O/0|s 
O}O SZ 
DIX|G 
a8 | i 


| 


Comment 


TS [| MOVA,M___| ;move data of HL mem. to A 

| | STAXD ‘Store acc. data to mem. of DE 
4000 [71 | |MOVM,C ___| ;move C to memory of HL 

eee = 

Pt al 


Expt.9: NIBBLE/ HEX ROTATE . 

a) Write a program that separates the two nibbles of a number stored in ... and 
stores the same in memory locations ... and ... The program must also 
multiply the two nibbles and stores the product in ...... (20) 

b) Enter the program on the microprocessor kit. (5) 

c) Execute the same. Write the contents of the data memory locations before 
and after execution as well as the contents of the registers used in the 


“YS 
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program after execution and also the bit contents of all flags individually. 
Verify the results. (5) 

| 


| Addrs | Opcode | Label | Mnemonics [| Comment 
| 4000 [214040 | | LXIH,4040H__| ;set memory pointer in HL 
| 4003 [7E | ~~ = |MOVAM _____| ;move data of HL mem.toA 
4004 [SF | CT MOVE,A | imove Acc.toE 
| 4005 [E6FO | [| ANIFOH _| ;make logical AND } 
4007 |OF | =| RRC sd Rotateright 
4008 |OF | ~=|RRC _| ;Rotate right 
|.4009 [oF | RRC sd Rotateright SCS 
| 400A [OF =| ss T RRC ; Rotate right : 
| 4008 [57 | ~~ | MOVD,A__| ;moveAcc. toD ascounter 
| 400C [23° | CTINXH _- _| sincrementHL address 
| 4000 [77 | = S| MOVMA __| ;movedataofHL mem.toA | 
| 400E |7B = | ~=|[MOVAE |;moveEtoAcc. | 
| 400F |E6OF | ~~ [ANIOFH _—s[ ;makelogical AND 
| 4017 [23 | CT INXH sd; incrementHLaddress 
| 4012 |77° | dT MOVMA 
| 4013 [15 =| SC DCRD si decrementcounter 
| 4014 [47 | MOVB,As[smoveAcc.toBSCsd 
| 4016 115 | CE DCRD si‘ decrementcounter | 
| 4017, |c21540 [| | JNZMUL _| ;Jumpifnotfinishedto MUL _| 
| 401A [23 | CTINXH sd incrementHLaddress_ 
| 401B [77 | [MOVM,A | smoveAcc.tomem. 
| 40i¢ [cr [|  {[RSTi  |[sstp | 
DATA INPUT 


4040. [94 [oP ee 


OUTPUT RESULT . 
| 4041 |O9H | | | -suppernibble BCD 
| 4042 [04H [|  ~| ~~ | slowernibble BCD 
| CT JGresuitinhex. 


Expt.10: CODE CONVERSION 


a) 2- digit BCD number to Binary conversion. 


4000 | 215040 LX! H, 4050H 


4003 | 016040 [> Sovtaes | LXIB,4060H =| ;set second memory pointer in 
BC 
4006 fe BS Stn J ; ; 
Pe asset 
Be Galler + 


Ss 
MOV A.M 
S 


4007 PUSH B ;Store BC to stack 
4008 _|D5 si PUSH D ‘Store DE to stack 
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4009 (47 | SCE MOVBA ;move Acc. to B 
ao0a_[E60F | ____|ANIOFH | ;make logical AND | 
aoc [4F | _|MOVC,A | :moveAcc.toG 
qop_ [78 | __|MOVA,B | imoveB.toAcc. 
aoe |E6FO | .  _|ANIFOH | ;make logical AND 
cagio {OF {| RAG____Rotate night__t 
gor [OF | ST RRC Rotate right 
goa [oF {| ss RRG i ;Rotateright 
gois [oF | ST RRC __| Rotate right 
aoa [57 | CT MOVD,A | imoveAce.toD 
aos [AF | | XRAA i resetcarryflag 
goie [iE0A [S| MVIE,OAH  |isetE=0A 
4018 [83s |, SUM: 
raoi9 [15 | | DCRD__| ;Decrement D 
aoia_[c21840 | | JNZSUM___| ; Jump if not finished to SUM 
“aon [eo «| ~SSC*d ADD add Av 
—qoie_ [Dt | |POPD __| ;restore data of stacktoDE __| 
—4oie [ct | |POPB__| ;restore data of stackto BC _|. 
4020 [02 | -*(STAXB_—i[jstoreAcc.toB 
page (Cras ab wade [RST 1: = S| stop. 5 eed te 
DATAINPUT——~—=S~CSUTPUTRESULT 
r40s0 [@oH = pees]. 4000. [OSH a) es 


b) Binary to BCD conversion: 


“Agars | Opeode [Label_| Mnemonics [Comment __| 
“4000121 66 40 |__| LXIH, 4050H _ | ;set memory pointer in HL__ 
4003 T7E MOV ALM [move mem. to Acc __ 
4008 123 INXH___[ jinorement HL address _| 
400510664. |_| MVIB,64H__| jset reg.B=64H1 

[40071 36FF |_| MVIM, FFH __| ; set reg. E=FF | 
[4009 [34 _-*| UP: _ increment mem. data | 
400A 190 Cd SUBB | isubtract AB 

F008 |b 0940 -T unc UPL ump to UP 
ROOF Be ADD BA AB 
400F 23 LINX | iincrement HL address 

4010 [o60A | ———(| MV, OAH 
4012 | 3eFF |__| MVIM, FFH _| - load mem.=FFH | 
ee SeFE Ga TINRM | increment mem. data_ 
ir 34 __1}_LEE sue 8 [subtract AB 
TC apie | peaa ap Func uP [sump to Vet —__— 
4019 180. PADD BC Add A | 
—foie_{ 80___|_——rinxy [increment HL address __ 
Geta {28 ___|_——frovwi,A___[smove mem. to Aco__ 
ao1e [CFL ST 1 Liston ae 
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Input Data: OUTPUT RESULT 
4050 4051 — | 01H first place : 
+ 4052 04H second place 
| SSS 4053 ~~: 04H third place 


Explanation: (90H) = (144),5 01 04 04 


c)HEX to ASCII conversion. 


Addrs 


Opcode Label 


"Label | [Comment ———~ 
| 4900 “[21 50.40 [| TXIH, 4050H [set memory pointer in HE_—— 

; DE 
_4008_ [7 || OWA [:move mem, to Aco 

400747 | MovB, A [move Ace. to B_—_—~ 
[4008 for RRC Rotate right 
| 4009 [or [RRC [Rotate right 
OF [fac Rotate right 
OF [TRRc [Rotate right | 
[4006 [CD 2040 [|__| CALL ASCH :call subroutine ASCII 
[400 [42 [|_| STAXD __[sstore Aco.to DE Address 
[4010 [43 TNX [increment DE address. 
[4011 [78 | MOVA,B [move Bto Acc. 
[4012_| cD 2040 |_| CALL ASCH | :call subroutine ASCH 
[-401s [12 TStaxD [store Aco.to DE Address 
Panis [or | | RST1- [stop 
[4022 TFEOA |_| CPIOAH | ;compare with AH 
[4024 |DA2940 [| JCCODE | sjumpifeany 
[4027 [e607 | —*[ADIO7H | ;Direct addition with 7H | 
| 4029" [C630 | CODE: [ADI30H | ;Direct addition with 30H | 
| 4oap [oo [RET retum SSS 
DATA INPUT: . 


OUTPUT RESULT 
4060 ; ASCII of upper nibble 3 
4061 ; ASCII of lower nibble 8 


d)ASCIl to HEX conversion. 


| Addrs | Opcode | | Label_[ Mnemonics [Comment 
4000 [35040 |__| LDA 4050H_ _| sload Acc. with data of mem. 
4003 [D630 | SS*d SUI30H | subtract 30H from Acc 
| 4005 |FEOA [| CPIOAH | :compare withOAH 
| 4007 [DA0c40 | ‘| JC DOWN | sjump if carry to DOWN 


_ 
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—A00A | 
4006 | 
4000 | CL LDA 4051H__| jload Acc. with data of mem. _| 
7010 — | CT SUI30H_ [subtract 30H from Acc 
aoi2 [FEOA__| ___{CPIOAH___| icompare with AH __ 
aoa [DA1940 | iL JC DOWN _| jump if carry to DOWN1 | 
aoi7_|p607 | ___|SUI07H__| jsubtract 07H from Acc 
qoi9_ |4F_ | DOWN1: |MOVC,A | ;moveAcctoG 
ania [78 | CT MOVA,B | imove Bto Acc. 
rqoip_[o7 | CT REG GRotateleft 
rqoic [ov | SCT RLG Cd Rotateleft 
goin [ov | CCRC RRotateleft 
rane [o7 | SC TRL sd Rotateleft 
aor [si | CADDO Gadd HC 
4020 [325240 | | STA 4052H __| ; store result at next location _| 
P9023 | CF sr |<.) + PASTA | astop 


r 400 [38H =|  ~=~=—Ehr | —S——C—C_C[ ; ASC Data Input 
4051 [34H =| St | SSCS, ASP. ata Input 


452 [84H | TC GHEX Equivallent 


Expt.11:To Find the number of odd and even nos. from the block of 
numbers. 3 | : 


| Addrs | Opcode | Label | Mnemonics | Comment 
| 4000 [215040 | | LXIH,4050H__| ;setmemory pointer in HL 
| 4003 [AF | CT XRAA | resetcarryflag 
| 4004 [o6os | T MVIB,O5H | ;moveOSHtoB 
4006 [oEOO [| MVIC,00H | jsetoddcounterto00H 
| 4008 [i600 | | MVID, OOH | ;setevencounterto00H 
AGAIN: 
| 400B [iF [CT RAR | rotate right through carry 
| 400c [p21340 | | JNCDOWN _| jump ifno carryto DOWN _| 
.400F foc [ —*[INRC _| incrementoddcounter 
4010 [c3i440 [| JMPEVEN | jumptoEVEN 
4013 |14 | DOWN: [INRD _|; increment even counter__ 
4014 [23 EVEN: [INXH ___[ increment HL address 
4015 [os | —S[DCRB | Decrement counterB __| 
4016 [c20A40 |_| JNZAGAIN | ;jump if not finished to AGAIN | 
4019 [216040 | | LXIH,4060H [isetHL forresut 


‘increment HL address 
‘store even counter no. 
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DATA INPUT OUTPUT RESULT | 


| 4050 | 11H | =| 4060 01H no.of Odd data . 
4051 |12H . | | 4061 04H _ no.of Even data 
4052." | idthea*.| Ge fo 
4053 [16H al | er ee ed 
4054 [ies s[ na | ea P| ee 


Subroutines to display 
Standard subroutine of SDK85 development machine (ANSHUMAN made) 
to display Address field and Data field. 
i) UPDAD (0363H) : This subroutine displays the contents of the DE 
register in the Address field. The contents of all other registers are 
affected. . 
ii) UPDDT (036EH): This subroutine displays the contents of the 
Accumulator in the data field. The contents of all other registers are 
; affected. 
Note: These subroutines are available with all microprocessor Development kits. But 
the names of subroutines and their memory addresses are different. 
Students are advised to use proper memory addresses available with their kits. Refer 
microprocessor kit Manuals. 


Expt.12: To display the output of a program on data field. 
Suppose a program of addition of two nos. the result is stored in reg. B and C 
| Addrs | Opcode | Label | Mnemonics [ | Comment —_—i 
| 4000 [06 05 | 


4009__| CD6303 


noo 
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nes eae APmaR AS ea e 


Mnemonic 


> 


AIA 
le) 


S 
QQ 
fo 


SlSSlS\S\5 

sjajajalala 

>l\2\clma|e|0 
/S|4\ 


e 


q 


- The Instruction Set Of 8085/8088 (Code Sheet) 


Mnemonic Hex code Mnemonic Hex code 
CNZ 16-bit C4 E 16-bit EA 
. SF CP 16-bit F4 O 16-bit E2 


CPE 16-bit EC JZ 16-bit CA 
89 
8A LDAX B 0A 
CZ = 16-bit CC LDAX D 1A 
8D 
LXI D,l6-bit 11 
87 LXI_H,16-bit_ 21 


|LXI H,16-bit 21 
DCR A 3D 
DCR B 05 
ADD L 85 
ANA_A AT 
MOV._B,A 47 
MOV_ BD 42 
[ANAL AS. |DI—-.~—S*#F3.——s«| MOV. BE 43 
[ANAM AGO |EI  —-*FB~~—|MOV_BH 44 
[ANI Ibyte Eo |HLT 76 |MOV BL 45 | 
MOV_B 46 | 
[CC 16-bit. DC [INR A 3C =|MOV CA 4F 
CM 16-bit FC -|INR B04 
[CMA 2F  |INR C 0c |MOV CC 49 
(CMC. 3F. [INR D 14  |MOV CD 4A 
(CMP A BF [INR E1C___—s«s| MOV_ ‘CC 4B 
‘CMP B +=&B8 [INR HH 24 |MOV CH AC 
PO SdINX. B03 INXDI3 [ 
CMP C B9 TINX SP. _33. ~~ ~|MOV CL 4D | 
JC 16-bit__DA [MOV CM  4E 
(CMP EBB. |JM 16-bit FA [MOV DA 57 
CMP H BC [LIMP _ic-bit__C3__{MOV_D.B_5__ 
(CMP LBD |JNC 16-bit D2 | |MOV DC _ 51 
[CMP MBE. |JNZ 16-bit__C2.~=|MOV DD 52 
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CNC_8-bit D4 JP. 16-bit F2 | MOV_DE 53 7 
MOV DH 54 | MVI_L,ibyte 2E | RST6 FT 
_MOV_D,L_55__ | MVI_M, ibyte 360 | RST'7 OFF 
[MOV _DM_ 560) 0 [NOP. Os [RZ OOS 
|MOV_EA 5F_—«[ORAA _—S«&B7_~—S—s——s=*d| SBA OF 
MOV_E,C 59 SBB_C 99 
MOV_EE 5B. 
SBI 1-byte DE : 
SHLD 16-bit 22 
‘MOV_H,C 61 —s«||PCHL.—“(CEDSC“‘ ISM CC” 
[MOV _HD 62  |POP B Ci |SPHL = Fo 
[MOV HE 63 |POP D Di _—si'({STA 16-bit 32, 
POP PSW F1 STAX D 12 | 
STC 37 
|MOV_LB 68 __—_—s«(|: PUSH. Hf ES SUB_B 90 
MOV LC 69 PUSH PSW__s.F5 [SUB C #1. ~~ | 
MOV _L,D 6A 
MOV LE 6B 
MOV LH 6c 
MOV_L.L_ 6D }RET  ———— sC9—S—Cs[ SUB CL 
MOV LM _ 6E RIM 20 U 

U 


2 
eo) 
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o 
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Appendix(B) HTML 


Tag Syntax... ~~ Description =». >: Attributes 
Topmost element which - 
chead>...</head> | Contents within this are not eis 3 a | 
visible to the user 
cbody>...</body> Contains the main body BGCOLOR, BACKGROUND, 
content which is to be TEXT,LINK,ALINK, VLINK 
displayed to the user 


<H1>...</H1>to | To display headings in a web Align 

<H6>...</H6> page | 
<Font>...</Font> | To change the font, font size 
-,color 


Type, start 


<UL>...</UL> _| For creating an unordered list 
<LI>...</LI> | Defines a list item 
<DL>...</DL> Defines a definition list 
<DT>...</DT> Defines a definition term 
<DD> Gives the definition of the 
. | term 
Boldfaces the text 


Displays the text in italics ae 


<OL>...</OL> For creating a numbered or 


ordered list 


Underlines the text 
Strikes through the text 


Gives the text a mono- 
spaced typewriter font 


<B> | 
<I> 
<TT> 


oN 
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Text appears in a smaller text 
size 


<Sub> Displays the text as Subscript 


Text appears in a larger text 


SIZE 


<sup> Displays the text as 
superscript 
<BR> Inserts a line break in a web 
. document 
To display a horizontal line Align ,size ,width 
To create a paragraph Align 
<pre>...</pre> Used to display preformatted 
text 
<img> To display an image in the Src , alt, height , width 
web document .usemap ,ismap- 
<map>...</map> | To define a client-side image 
map 


<meta> Gives information about the 
: web page mainly to search 
engines 


Border,Height,width, . 


To define a table structure 
cellspacing ,cellpadding 


within a web page 


<TR>...</TR> Defines a row of the table 
<TD>...</TD> Creates a table cell data Rowspan ,colspan ,align, 
valign | 


<TH>...</TH> Displays a table cell heading Rowspan, colspan, align, 
valign 


<Table>...</table> 


Align,valign,bgcolor 


SPECIMEN QUESTION PAPERS 


time: 3 Hrs. MARCH-2004(PAPER I) Marks: 50 
Se eg ee 
1.A) Select the correct alternative and rewrite the following: 4 
a)___ 1S not an Operating system. 


i) UNIX, ii) LINUX, iii) MS-DOS, iv) C* 
b)Which of the following is not a feature of Object Oriented Programming? 
i) Follows bottom-up approach in program design. 
ii) Objects may communicate with each other through functions. 
iii) Follows top-down approach in program design. - 
iv) Programs are divided into what are known as ehiects, 
c)The most efficient search algorithm is 
i) Binary search, ii) Reverse search, iii) Linear search, iv) Pointer search 


d)VB script can be executed in web browser. 
i) Netscape Navigator, ii) Internet Explorer, i111) Both, iv) None of these 
B) Answer any two of the following: | 6 


a) Explain the following HTML tags with one example of each: 
i) <PRE>, ii) <SUP>, iii) <MARQUEE> 

b) What do you understand by the term 'Searching'? Which are the different 
types of searching algorithms? Explain the linear searching algorithm. 

c) What is meant by GUI? What are the essential components of GUI? 


Explain any three. 
2.A) Answer any two of the following: 6 
a) What are ‘records’? Explain how records are represented in memory using 
arrays? 


b) Explain the use of scope resolution operator and memory management 
operators in C++ with examples. 
c)Explain what is meant by Linked List with a suitable example and a 
properly labelled diagram. | 
B) Answer any one of the following: 4 
a) What are classes in C++ for file stream operation? Who do you open and 
close files in C++? Explain any four file modes. 
b) Explain the file system related to Information Management with file 
Operations only. 
3.A) Answer any two of the following: 6 
a) Explain how the memory address of a variable can be accessed in C++. | 
b) What are the components of LINUX operating system? Explain any three 
features of LINUX. 
c) Explain the following OOP concepts with an example of each: 
1) Inheritance, ii) Polymorphism, iii) Data Abstraction 
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B) Answer any one of the following: 4 
a)What are binary trees? Draw the binary tree structure for the following 
expression: 

E=(a+b)/[c * d)-—e] 
b) Explain the concept of ‘Virtual Memory’. Explain any three terms used in 
virtual memory. 

4.A) Answer any two of the following: 6 
a) What is the difference between a Worm and a Virus? Explain how these 
can be prevented. 
b)What are pointers in C++? Explain the use of pointer variables for function 
definitions using call by value and call by reference. 
c)What is a call is C++? How are member functions defined inside and 
outside the class. Explain with examples. 

B) Answer any one of the following: 4 
a)What is Operator Overloading? Explain with a suitable example. Why is it 
necessary to overload an operator? | 
b) What are the different functions performed by Memory Management in 
operating system? Draw a memory map of a single user computer. Explain 
types of partitioning in brief. 3 


5.Answer any two of the following: 10 
a) Write a C++ program to replace every space in an inputted string (less 
than 80 characters) with a hyphen (i.e. -). 
b) Write a C++ program to find factorial of a natural number inputted during 
program execution. 
c) Write the HTML code for the following table: 


Ss. 12,000 
OR 
5, Answer any two of the following: 10 
a) Write a C++ program to display a series of 15 terms of the Fibonacci 


series. 7 

b) Write a HTML code using VB script for designing a Web Page which 
greets "Good Morning" if time is from 12:00 AM upto 12:00 PM, else 
greets "Good Afternoon". 

c) Write the output of the following C++ program: 
#include<iostream.h> 
long comb(int n, int k); 
int main( ) 


const m= 5; 
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pT TS ENP Cs PRET Eee eu ey oe ee ae 
for(int i = 0; 1< _m; i++) 


for (int j = 1; j <m - i; j++) 

cout << setw(2) <<""; 
for(int j = 0; j < =i; j++) . 

cout << setw(4) << comb(i, j); 


J 
long comb(int n, int k) 


if(n <Ollk<Oll K>n) return 0; 


longc=1; 
for(int i= 1; } <=k; i++, n- -) 
CSc" ni: 
return C; 
. OOO 
MARCH-2008 
Q.1 A) Select the correct alternatives and rewrite then sentences: 4 
1. Terminate a Process is the system call available in | , 
a) Process b) Memory c) Information d) File 


2. Maximum number of nodes of symmetric binary tree with depth of 7 is 


a) 125 b) 127 c) 128 _ d) 124 
3. following operator cannot be overloaded : 
a)t+ b):: Cc) - d) * 
4. <A> tag has attribute which defines URL of the document to be 
linked. 
a) SRC b) HREF c) VREF d) REF 
B) Answer any two of the following: - 6 
1. Explain the following HTML tags with one example of each: 
1) <MARQUEE> | ii) <SUB> iii) <BODY> 
2. Explain the following data structures with suitable diagram: 
i) Linear Array ii) Linked List iii) Tree 
Explain in short the function of menu bar and scroll bar components of GUI. 
-2 A) Answer any two of the following: 6 
What is a Record? Hot it differs from a Linear Array? 
What is a Class? Explain general from of class declaration. 
What is Linked List? Show a linked list with suitable example having six nodes 
with a properly labeled diagram. | 


ws SS eo > 
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6 
| 1. Explain the concept of function overloading with example. 


2. With reference to process management explain the following terms: 
i) External Priority ii) Purchase Priority iii) internal Priority —_iv) Time Slice 
Q.3 A) — Answer any two of the following: 6 
1. Describe how member functions of class can be defined outside the clag. 
definition and inside the class definition. ' 
2. Which are the three major areas in which the operating system divides jt 
services. Give example. 
3. Explain the following OOP concepts with an example of each: 
1) Polymorphism ii) Objects iii) Classes 


B) Answer any one of the following: 6 

1. What is Binary Tree? Draw the binary tree structure for the following expression: 
[(a+ b) *c]/[a* (b—c) +a] 

2. What is Partitioning? Explain fixed and variable partitioning. 


Q.4 A) Answer any two of the following: 6 

1. Discuss Virus Detection, Removal and Prevention Philosophies. 

2. What are pointers in C++? Explain the use of pointer variable for function 
definition using call by value and call by reference. 

3. What is the function of each of the following file stream wlaiéed? 
i) ifstream _ ii) ofstream iil) filebuf 

B) Answer any one of the following: 6 

1. Explain the use of video RAM. Explain Data Bytes and Attribute Bytes. 

2. Explain Bubble Sort Algorithm with suitable example. 


Q.5 Answer any two of the following: | 10 

1. Implement a Circle Class. Each object of this class will represent a circle 
accepting its radius value a float. Include an area ( ) function which will calculate 
the area of circle. . 

2. Write a C++ program to find factorial of a natural number inputted during 
program execution. 
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write the exact output of the following HTML code with font specifications in 


brackets: 
<HTML> 
| <TITLE> INTRODUCTION </title> 


<BODY> 
<HI> <B> PCMBEC <IB> </H/> 


<HR> 
<U> NOBAL’S SERIES </U> 
<H5> WELLKNOWN </H5> 
</BODY> 
</HTML> 
OR 
Q.5 Answer any two of the following: 10 
1. Write a C++ program to find greatest common divisor of two numbers. Define a 
method find to accept the values and calculate GCD of two numbers and print the 
GCD value. | | 
2. Write a C++ program that will read a line of text and count the number of words 
in a text. 
3. Write the HTML code for the following table: | 
peewee RA: Sin cctyeay a ates a 
Se ee er ee 
sae F-—tais —_[—_st0__f uno —_}_— 500 


QOO0 
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Q.1 A) Select the correct alternatives and rewrite then sentences: 
(i) BORDER is attribute used in tag of HTML 
a)<PRE> b)<ADDRESS> c)<TABLE> d) <CAPTION> 
(ii) In C++ double type data consumes bytes in memory. 
a)2 b)4 c)6 d) 8 
(iii)___ is an operating system. 
a) VBSCRIPT b)UNIX c)C_ 4)BASIC, 
(iv) Context switching is a term related to management. 
a) Process b)Memory cc) Information _d) Device 
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B) Answer any two of the following: 6 
(a) Explain why user is not allowed to directly interact with the hard disc .due to 
N\O Operation required to read data from disk. 

(b) State any 6 characteristics of constructor. 
(c) Define i) File ii) Record iii) Key-field 


Q.2 A) Answer any two of the following: | 6 
(a). Explain Virus detection, Removal , Prevention. 


(b). What is polymorphism? Explain Compile Time and run time polymorphism, 
(c). State algorithm for inserting an element in an array. 

B) Answer any one of the following: 6 
(a) What is Operator function ? Explain difference between Operator function as 
Member Function and as a friend function. 

(b) Explain local data and global data or variable in C++ using examples. | 


Q. 3 A)Answer any two of the following: 6 
(a). State characteristics of friend function. 
(b). Explain local data and global data or variable in C++ using example. 
(c). State features of WINDOWS NT . 
-B) Answer any one of the following: 4 
(a) Using examples explain how files are opened and closed in C++. State any 
four file modes: 
(b) Explain the process of SMUT prOe a nIng 3 In process management with help 
of an example. 7 
Q.4 A) Answer any two of the following: 6 
(a). State three characteristics of static data. 
(b). Explain the use of memory management operators in C++. 
(c). What is record? How it is represented in memory. 
B) Answer any one of the following: 4 
(a) What is Virtual Memory? Explain any three terms related to virtual memory. 
(b) Explain the following terms related to memory management. 


1) Internal Priority ii) External Priority iii) Purchase Priority iv) Time Slice 


O.5 <A) Answer any two of the following: 10 


(a). Write a program in C++ to print first 20 terms of Fibonacci series. 
‘b). Implement a class temperature . Include a constructor in it which accepts 
value of temperature from user in degree Celsius. Include two functions in it, 
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one of which calculates its equivalent temperature in degree Farhrenheit and 


other function prints the answer: 
(Formula : C/5 = F-32/9] 


(c) Write an HTML code for Following: 


[| Boys [Gis | Towa 


2004 55 


2005/80 | 25 
OR 
Q.5 A) Answer any two of the following: 10 


(a) Implement a class average. Include a constructor in it which will accept value 
of three variables from user. Include two more functions in it, one function 
calculates average and other prints it. oe 

(b) Implement the above class Hierarchy of inheritance. Class student accepts roll 
number of a student, class marks accepts marks of three subjects and class result 


calculates the total and prints all details. 
| Students 


Result 


(c) Write an HTML code for following: 

COLLEGE hi and center 

Principal 
e Vice Principal 
e Professors 
e Non-teaching Staff 
For more details click here 
(The words click here act or hyperlink to next page whose address is “C:\ 


My Documents\A1.HTML”) 
OOO 
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[ MARCH-2017__] 7 


Q.1 A) Select the correct alternatives and rewrite then sentences: 4 
(i) The time lost in turning the attention of a processor from one process to anothe, 
is called as : 

a) Circuit switching b) Bandwidth c) Context switching d) Packet Switching 
(ii) A record is a collection of 
a) Files b) Arrays’ c) Fields d) Maps : 
(111) If all the visibility labels are missing then by default members of class are 
a) Public §_b) Protected c) Private d) Void 
tag is used to put a line break in HTML code. 
a) <HR> b)<BR> c)<P> = d)<LI> 


(iv) 


B) Answer any two of the following: | 6 
(a) What is friend function ? Write any four characteristics of friend function. 


(b)Explain in short the three special characteristics of a static data member in a 


class. 
(c) Discuss Virus detection, Removal , Prevention philosophies. 
Q.2 A) Answer any two of the following: 6 . 


(a). Explain with flow chart the following control structure: 
i) Sequence logic ii) Selection logic 111) Iteration logic 
(b). Explain bubble sort algorithm with suitable example. 
(c). What functions are performed by memory management of operating system? 
State any four memory management system. | 
B) Answer any one of the following: 6 
(a) What is Operator function ? Describe the syntax of operator function. Explain 
difference between Operator function as Member Function and as a friend function. 
(b) Explain the following terms related to process management. 
i) Internal Priority ii) External Priority iii) Purchase Priority iv) Time Slice 
Q. 3 A)Answer any two of the following: 6 
(a). Write difference between linear search and binary search. 


(b). Explain different types of inheritance with suitable diagram. 
(c). How linked list are represented in memory? 


B) Answer any one of the following: 4 
(a) Define the following terms with reference to tree: | 

i) Root ii) leaf iii) sibling iv) Depth 
(b) What is computer virus? What are the different methods by which virus can 
infect other programs. 
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Q.4 A) Answer any two of the following: 6 
(a). With syntax diagram explain the structure of HTML webpage. 


(b). Explain the concept of function overloading with example. 
(c). Explain any three features of Windows-NT operating system. 
B) Answer any one of the following: 4 
(a) State the various steps involved in the allocation of partition in case of fixed 
partition memory management. | 
(b) Explain the use of scope resolution operator and memory management 
operators in C++ with examples. | 
Qg.5 A) Answer any two of the following: 10 
(a). Write a program in C++ to read a-set of 10 numbers from keyboard and find 


out largest number in the given array. 
(b). Write a program in C++ to find factorial of entered number. 


(c) Write an HTML code for Following: 


Computer Science 


OR 

-Q.5 A) Answer any two of the following: . 10 
(a) Implement class GCD which have member function (a/c), which calculates 
greatest common divisor of two numbers entered during program execution. 
Print() will print GCD of two numbers. 

(b) Write a program in C++ to display a series of 15 term of Fibonacci series. 

(c) Write the exact output of the following HTML code with font specification in 
bracket. 

<html> 

<title>Introduction</title> 

<body> 

<hl><b> computer science</b></h1> |» 
<hr> 

<u> Paper I </u> 

<hr> 4 

<u> Paper II </u> 

</body> 

</html> OOO 


320 Question Papers (1) | 


 MARCH20OI9) 


1.A) Select the correct option from the following and rewrite sentence : 1 
a) Bulleted list in HTML is created by _____ tag. 
1) <UL>, ii) <OL>, iii) <B>, iv) <BR> 
is very useful in situation when data is to be stored and retrjey ed 
in reverse order. | = | 
i) Stack. ii) Queue, iii) Linked List, iv) Tree 
c) What will be the value of x after execution of following expression in 
cH? : 1 
X=++m+n+-+; where m= 10 andn=15. 
i) 25, ii) 27, iii) 26, iv) 28 
d) is free software. fee. 
(i) UNIX (ii) WINDOWS 
(iii) LINUX (iv) DOX 
1.B) Answer any two of the following : | : 
a) List any six features of LINUX Operating System. 3 


b) 


b) What is a pointer in C++? Give suitable example. 3 
c) Write advantages and disadvantages of HTML. 3 


2.A) Answer any two of the following : 
a) Explain the syntax of C++ program structure with example. 
b) Explain Binary Search algorithm with a suitable example. 
c) Write the difference between Worm and Virus. 33 
2.B) Answer any one of the-following : 
a) Explain operator overloading with suitable example. Write ant two 
characteristics of the operator overloading. 4 
b) What is Binary Tree? Draw the Tree diagram for the expression. 
B = (3R/ST) - (R + Q°) - 
3.A) Answer any two of the following : 
a) What is a constructor in C++? State any four special characteristics of 


Ww 


constructor function. | 3 
b) Explain the function of the following in Operating System : 3 
(i) Virus Detection | (ii) Virus Removal © (111) Virus Prevention 
c) Write two features of each of data structure : 3 
(i) Record (ii) Array (iii) Linked List 
3.B) Answer any one of the following ; 
a) Explain any two types of conversion in C++ with example. 4 


b) What are the functions of Memory Management? State any two types of 
continuous Real Memory Management System. 4 
4.4) Answer any two of the following : 
a) Explain any six operators used in C++. 
b) Write a short note on Paging. 
c) Explain Pointer Array with example. 


WW Ww 


Ly 
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| B) Answer any one of the following : 
| a) 


4. With reference to process management, explain the terms : 4 
(i) External Priority (ii) | Purchase Priority 
| (iii) Internal Priority (iv) Time Slice 
b) Explain memory representation of linked list with example. 4 


tT) 


5 Solve any two of the following : 
‘ 4) Write a C++ program to accept a sentence (maximum 50 characters) and 


print sentence in reverse. ne 
| b) Write a function in C++ to accept four integers. Find the smallest integer 
| and print it. a 
c) Write exact output of the following HTML code: © i 
<HTML> | . ae 
<BODY> | | : s 
<OL start = "10"> 
| <li> English 
| 3 <li> Second language 
| </OL> | 
<OL Type = "a'"> 
<li> Compulsory 
<li> Optional 
</OL> , 
<UL type = "Square">_ 
<Li> Science 
<Li> Arts 
<Li> Commerce 
</UL> | 
</BODY> 
_. <HTML> 


5. Solve any two of the following : | | 
a) Write a C++ program to find smallest in an array of 10 flats using pointer. 5 


b) Write a class based program in C++ to find area of a Triangle. 5 
c) Write HTML code for the following output : 


HTML is hypertext 


Markup language. The basic language of HTML is ASCII code. 


This is only text oriented language. ‘ 


Bt iin, 
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5. Solve any two of the following : | 
a) Write a C++ function to accept two integers and find its G.C.D. (Greatest 
Common Divisor). 5 
b) Write a class based C++ program to find the area of a sphere. 5 
c) Write the HTML code for the following output : 5 
(1) Computer Science Theory 
(i) Paper 1 - 50 Marks 
(ii) Paper 2 - 50 Marks 
(2) Computer Science Practicals 
(i) Paper 1 - 50 Marks 
(ii) Paper 2 - 50 Marks 
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' 1.A) Select the correct option from the following and rewrite the sentence : 4 
a) Linux is type of software. 


i) Public il) Free iii) Shareware iv) Licence 
» bd) is collection of fields. 
i) File ii) Record iii) Array iv) Queue 
c) operator cannot be overloaded. 
1) ++ ii) + iil) :: iv) >> 
d) tag is used to create a row in table. 
1) <td> ii) <th> ili) <tr> iv) <tt> 


1.B) Answer any two of the following : 


a) Explain any three features of windows-98 Operating System. 3 

b) Explain Bubble sort algorithm with suitable examples. ae 

c) Explain general structure of HTML page. ", #3 

2.A) Answer any two of the following : 

a) Explain friend function in C++ with example. 3 

b)Explain linked representation of binary tree in memory with suitable _ 
example. 3 

c) Explain memory map of suitable user operating system. ; 3 


2.B) Answer any one of the following : 
a) Define operating System. In which categories, operating system provide 
its services. : 4 
b) What is constructor and destructor? Explain each with the help of suitable 
example. | 4 


ee ee 
yestion Papers (I) 


Q 323 


~ 3,4) Answer any two of the following : 
a) Explain internal and external fragmentation in memory management of 


operating system. 


b) List any six data structure operations. 3 
c) Define following terms in C++ file handling. - 
i) Ifstream ii) Ofstream iii) Fstream 


3,B) Answer any one of the following : , 
a) What is virus? Write any three infecting methods of virus. 4 
b) Define Binary tree. Draw a Tree diagram for following expression: 4 
Y =[(a-b-c)+(a+b-c)]” 


4.4) Answer any two of the following : . 
a) Explain time sharing related to process management of operating system. 3 
b) Explain how a member function is defined outside class with examples. 3 
c) Write C++ declaration for the following. 3 
i) Array of 10 integers ii) Pointer to character variable II 
iii) Object of the class 
4.B) Answer any one of the following : , 
a) Define linked list. Draw and explain labelled diagram of linked list 


with 5 nodes. | 4 
b) What is polymorphism? Explain how it is achieved by : | 
i) Compile time ii) Run Time . 4 


Q.5) Answer any two of the following : -_ . 
a) Write a C++ program to accept 10 integers in an array and find its sum 
and average. 
b) Write a C++ function to find surface area of a sphere. 
c) Write a code in HTML for following table. 


Q.5) Answer any two of the following : oo 
a) Write a C++ program to accept a sentence of 80 characters and count 
number of word in a sentence. . 5 
b) Write a class based C++ program to accept two integers and find its 
G.C.D. (Greatest Common Factor) . 
c) Write the exact output of the following HTML *code with font 
specification. ° 5 


» 
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(Note : here code is given for which output is required along With link 
details as mentioned) 


<HTML> ) 
<BODY> 
<TABLE border= "3" Cellspacing= "10"> 
<TH colspan = "3" > STREAM </TH> 
</TR> 
<TR> | 


<TD> <A href= "Science.html" > SCIENCE </A> </TD> 
<TD> <A href= “Commerce.html" > COMMERCE </A> </TD> 


<TD> <A href= "Arts.html" > ARTS </A> </TD> 
</TR> 


</TABLE> 
</BODY></HTML> 
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1.A) Select the correct alternative and rewrite the following: 4 
a) In 8085 microprocessor, Serial data from external device is received on — 
pin. 
i) SID, ii) SOD, iii) HOLD, iv) READY 
In 8085 microprocessor, flag register is not affected after the execution of 
instruction. . 
i) INR rt, ti) DCR r, iti) ADD r, iv) INX rp 
c) is not a characteristic feature of 8051 microcontroller. 
i) 4kbyte of internal RAM, ii) 4 kbyte of internal ROM 
iii) 4 parallel bi-directional I / O part, iv) Full featured serial port 
d) A device used for modulation and demodulation process in network is 
i) Hub, ii) Router, iii) Modem, iv) Repeater 
B) Answer any two of the following: . 

a) Explain the organization of ALU with simple block diagram. 
Explain the register and direct addressing modes of 8085 microprocessor 
with an example of each. 

b) List any six major features of 8051 microcontroller. 

2.A) Answer any two of the following: 6 

a) Explain the function of the following registers of 8085 microprocessor. 
1) Instruction register, ii) Accumulator, iii) Program counter 

b) Explain the following instructions of 8085 microprocessor with suitable 
example of each: ; 

1) SHLD addr, 11) ANI data, 111) RRC 
c) Explain in short the six important characteristics of transmission media. 
B) Answer any one of the following: 4 
~ a) Explain in brief the four primary functions of the CPU of a microcomputer. 
b) Compare any four attributes of 80286 and Pentium microprocessor. | 


b) 


6 


3.A) Answer any two of the following: 6 
a) Explain the sign and parity flags of 8085 microprocessor with suitable 
example. 
b) Describe in brief the function of the following pins of 8085 
~ microprocessor: 


i) REST OUT, ii) HLDA, iii) IO/M ae 
c) What do you mean by network topology? Explain in brief the two basic 
Categories of topology. | 


B) Answer an i 4 
y one of the following: ee hd 
a) In 8085 microprocessor, the flag register content is 3CH. Interpret it's 
meaning. 


b) What is Microcontroller? State three expanded features of 8052 over 8051 
microcontroller. 
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4.4) Answer any two of the following: 
a) The accumulator of 8085 microprocessor“contains the data 45H ey 
register 'E' contains the data 7BH. What will be the content of accumulator 
after execution of each of following instructions independently? 
1) XRA E, ii) ADI C5H, iii) ORI 5BH 
b) Explain the following instructions of 8085 microprocessor with suitable 
example of each: i) PUSH rp, ii) DAD rp 
c) What is a Hub? Explain the active and passive Hubs. . 
B) Answer any one of the following: | 4 
a) Compare any four attributes of UTP and Optical Fibre Cable. 
b) What do you mean by 'Protocol'? Write a short note a TCP/IP protocol. 
5.Answer any two of the following: 10 
a) Write an assembly language program to divide a hexadecimal number 
Stored in a memory location 8000H by a hexadecimal number stored in 
memory location 8001H. Store the equation at 8002H and remainder at 
8003H. 
b) An 8-bit number is stored in memory location C400H. Write an assembly 
language program to count the 'zero' in the given number. Store the count 
in memory location C500H. 
c) Write an assembly language program to transfer first 10 bytes of memory — 
block starting from 5000H to a new block starting from 5020H. 
OR 
5.Answer any two of the following: 10 
a) Write an assembly language program to generate the Fibonacci's 
series for first eight numbers. Store the series in a memory block starting 
from C100H. 
(Note: The first eight hex numbers of series are 00,01,02,03,05,08 ,OD) 
b) The two BCD numbers are stored at 3400H and 3401H. 
Write an assembly language program to add these BCD numbers and store 
the result in memory locations 3402H and 3403H. . 
c) Write an assembly language program to count the occurrence of the data 
9CH in a memory block starting from 4000H to 400FH. Store the count at 
memory location 4500H. 
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Q.1 A) Select the correct alternatives and rewrite then sentences: 4 
1. The 8051 internal ROM is os 
a) Found in the Data memory Space_b) Used to store variable program data 
c) 4 KBytes of ROM in the Program Memory Space d) All of the above 
2. Theinstruction Ss affect the zero flag without changing the 
contents of the accumulator. | 
a) MVI A, 00 b) SUBA ~ c)XRAA d) CMP A 
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(—— bus is one way data path from MPU to all devices. 


a) Data b) Address _ ¢) Control d) None of the 

4, Most widely used and economical cable for network installation is ~ 
a) Fiber-optic b) UTP c) STP d) Co-axial 

B) Answer any two of the following: | | i 


labeled functional block diagram of 8085 Microprocessor. 


1, Draw a neat 
n Evolution of Microprocessor giving one example of each 


9, Write a short note o 


generation. 
3, Draw a neat labeled diagram of 8051 memory Register Map. 


g.2 A) Answer any two of the following: 
1. Describe the following instruction of 8085 microprocessor: 
i) XCHG ii) RAR iii) ADC r 
9. Compare the characteristics of Fiber-optic and Co-axial Cable. 
3. Write the features of 8085 Microprocessor. pn 
B) Answer any one of the following: : 6 
1. What is the function of the following units in 8085 Microprocessor. | 
i) Program counter ii) Stack Pointer | 
ii) Incrementer /Decrementer iv) General purpose Register 
2. Explain the programming model of 32- bit version of X-86 family of 


Microprocessors. , 
Q.3 A)  Amswer any two of the following: 


1. Describe in brief the function of the following pin 
i) HLDA ii) READY __ iii) RST 7.5 

2. List any three primary functions of the CPU of the Microcomputer. 

3. Explain RING Topology and token Passing. 

B) Answer any one of the following: — | 6 

1. Write a short note on Flag Register 
significance of flag bits with one example. 

2. Explain the Memory register Map of 8051 microcontrol 

- diagram. 
Q.4 A) Answer any two 


1. The accumulator contains the data ABn. 
execution of the following instructions independently: 


i) XRIB5 Hii) CMA iii) SUB A 
2. Explain the following instructions of 8 


6 


s of 8085 Microprocessor: 


of 8085 Microprocessor. Explain the 


ler with the help of a neat 


6 


of the following: 
What will be the contents after the 


085 Microprocessor with suitable example: 


“sage 
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i) DAA ii) LHLD 
3. What is meant by Protocol? Explain the concept TCP/IP Protocol. 
B) Answer any one of the following: 6 
1. Explain the following characteristics of Transmission Media: : 
i) Band Width ii) Band usage 
iii) Attenuation 7 iv) Immunity for picuomaecte Induction — 
2. Write the function of each of the following devices in short: 
i) Modem ii) Repeater iii) Hub iv) Router 
Q.5 Answer any two of the following: | 5 


1. Write an assembly language program to copy a block of data having Starting 
. address 20004 to a new destination with starting address 3000q. Length of the 
block is stored at 1FFFy. 

2. A block of data is stored in memory starting from memory besten D001y. Write 

an assembly language program to sort the contents of block in ascending order, - 

3. Write an assembly language program to exchange the two hexadecimal digits of g 
number stored at memory location 25004. Store the new number at memory 
location 25014. 

= OR 

Q.5 Answer any two of the following: 5 

1. A block of data is stored in memory locations from CO80y. Length of block is 
stored at CO7Fy. Write an assembly language program that searches for the first 
occurrence of data byte ABy in the given block. Store the address of the 
occurrence in HL register pair. If number is not found, then HL register pair must 
contain FFFFy. 

2. Write an assembly language program to perform the multiplication of two eight 
bit numbers where multiplicand is stored at memory location 2501, and 2502n. 
Multiplier is stored at 2503. Result is to be stored at memory location 2504y and 
2505n. 

3. Write a sub-routine to fill the memory locations 28001 to 28FF i with the 
hexadecimal numbers 00, to FFy respectively. | 


Q.1 A) Select the correct alternatives and rewrite then sentences: 
1 iS a Microcontroller 
a) 8086 b) 8051 c) 8088 d) 80286 
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B) 


Q. 


Q. 


2. instruction does not affect the flags. 


a) RAR b) CMPC c) XRA d) MOV A,B 
3 If length of cable is very long then —— is used in between the weakened 
signal to its original level. 
a) MODEM b) HUB c) REPEATER d) ROUTER 
rm Instruction is used for 16-bit addition. 
a) ADD | b) ADI - c)ADC d) DAD 
Answer any two of the following: 6 


1. Differentiate between Micro-controller and Microprocessor. 
2. Explain the following i) Accumulator ii) Program counter iii) Stack Pointer 
3. Write a short note on MODEM ; 

2 
1. 


A) Answer any two of the following: | 6 
Describe in brief the function of the following pins of 8085 microprocessor: 
i) HLDA, ii) SID i11)READY 


2. Discuss in brief the members of X-86 family beginning from 80386. 

3, Draw memory map of Micro-controller-8051. 

B) Answer any one of the following: 6 
1, Draw the labeled internal block diagram of 8085 microprocessor. 

2. Explain in brief programming model of X- 86 family. 


3 A) Answer any two of the following: 6 
1. Explain any three addressing modes of 8085 with examples. 


2. Explain in short: a) Star topology b) Bus topology c) Ring topology 

3. Distinguish between LAN and WAN. 

B) Answer any one of the following: 4 

1, What is vectored interrupt? State different hardware interrupts with their 
priorities and branching address. 

2. Explain the following features of Pentium processor 

a) dual pipelining b) Perfecting c) branch Prediction d) Internal data bus. 


4 A) Answer any two of the following: 6 
1. What is protocol? Explain the concept of TCP/IP protocol. 
2. Explain the structure of fiber optic cable. 
3. Draw the labeled diagram of X-86 family flag register. 
4 


B) Answer any one of the following: 
1, Discuss the micro-controllers in 8051 family 
2. Write a note on Ethernet. 
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Q.5 A) — Answer any two of the following: 10 


1. Write an assembly language program to perform the multiplication of two eight 
bit numbers where multiplicand is stored at memory location 1050, and 10514. . 


Result is to be stored at memory location 10524 and 1053y. . 
2. Write an assembly language program to transfer a memory block starting from 
1050H to1059H a new block starting from 1070H to 1079H. 


3. A two byte number stored at CO00H and C001H.write an assembly language 
program to Rotate this number to left side 3 places and store the rotated number in 
BC register. 
— OR 
Q.5 A) Answer any two of the following: | 10 
1, Write an assembly language program to add 2 decimal numbers stored at 
1050H and 1051H store the result at 1052H and 1053H. 
2. The accumulator contains the data B7y and register B contains A5 y. What will] 
be the contents after the execution of the following instructions independently: 
1)ADI 05 H ii) CMP B iii) CMA iv) XRAB v) ORAB. 
3.Write an assembly language program to. increment the contents of alternate 


memory locations each by two from 1051H to 1060H. OOO 
-| MARCH-2017 
Q.1 A) Select the correct alternatives and rewrite then sentences: 4 
(i) The flag register of 8085 microprocessor contains flags. 
a) 8 b) 3 c)7 d) 5 


(ii) ANA , r instruction comes under____ group. 
a) Arithmetic . b) Logical c) Branch d) Data Transfer 
(iii) The maximum physical memory can be addressed by 80286 microprocessor is 


a)640KB b)1IMB- c)16MB d) 4KB 
cable uses light signals to transmit data. 
a) Fiber Optic b) coaxial c)UTP d) STP 
B) Answer any two of the following: | 6 
(a) Explain functions of the following pins of 8085 Microprocessor: 
1) Multiplexed address/data bus pin(Apo-Ap7) ii)RST 6.5 111)CLK(OUT) 
(b) Write the addressing mode and length in bytes of the following instructions: 
1)CPI10H ii)MOVM,B | iii) SHLD Coo9H 
(c) Compare any three characteristics of twisted pair cable with coaxial cable. 


(iv) 
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; A) Answer any two of the following: 3 6 
(a). Define the following terms with suitable diagrams: 
i) T State ii) Machine Cycle iii)Instruction Cycle 


(b). What is wireless Media? Write any two advantages of wireless media. 

(c). The accumulator in 8085 microprocessor contains data 71H register E 
contains data 39H. What will be the contents of accumulator in Hexadecimal after 
execution of the following instructions independently? 

i) ADDE_ ii)ORAE _ iti) RRC 

B) Answer any one of the following: - 6 

(a) What is Microcontroller? State any three advanced features of 8052 
microcontroller over 8051 microcontroller. | 

(b) What is Vectored Interrupt? State all hardware interrupts with their vectored 


addresses, write their priorities of hardware interrupts. 


Q.3 A) Answer any two of the following: - 6 
(a). Write any three difference points between memory mapped I\O and NO. 


Mapped I/O Addressing scheme.. , 
(b). Explain the following instructions of 8085 microprocessor with one example. 
of each: i) PUSH PSW ii) INX rp iii) DAD rp 

(c). Write short note on modem. 

B) Answer any one of the following: 

(a) Write any two features of following microcontrollers: 

i) 8084 ii) 8052 iii) 8031 iv) 8050 
(b) What is Ethernet ? Discuss different types of Ethernet. 


Q.4 A) Answer any two of the following: 6 
(a) Compare any three attributes of 80386 and 80486 Microprocessor. 


(b) Write any three instructions to make accumulator zero. 
(c). What is microprocessor? List its functions. 


B) Answer any one of the following: 4 
(a) Write a function of following functional units of 8085 Microprocessor: 

i) Instruction Decoder ii) General Purpose Register 

iii) Data/Address Buffer iv) Status Register. 
(b)What is transmission media? Explain in short six characteristics of it. 
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Q.5 A) Answer any two of the following: 10 
(a). Write a assembly language program to copy a block of data having Starting 
address 4500H to new location starting from 4600 H. The length of block j is 


stored at memory location 44FF H. 

(b). Write an assembly language program to add two 8 bits BCD numbers stored 
at memory location 4500H and 4501 H. Store the two o Dye BCD result from 
memory location 4502 H onwards. 


(c) Write an Assembly language program to fill the memory locations 4500H to 
4504H with the Hexadecimal numbers 09H to ODH respectively. 
OR 

Q@.5 A) Answer any two of the following: 10 
(a) Write an assembly language program to exchange the nibbles 8-bit number 
stored in memory location 4500H. Store the result at memory location 4501H. 
(b) A block of data is stored in memory location 4500H. The length of block is 
stored in memory location 44FFH. Write an assembly language program that 
searches for the first occurrence of data D9H in given block. Store the address of 
this occurrence in HL pair. If the number is not found then HL pair should contain 
5000 H. 
(c) A block of data is stored in memory location 45011 and onwards. The length 
of block is stored in memory location 4500H. Write an assembly language 
program to find the sum of block of data. Store the two byte result from memory 
location 4600H. QUO) 
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1.A) Select the correct alternatives and rewrite the following: 


a) bits of flag register of 8085 Microprocessor are unused. l 
i) 1 ii) 2 ili) 3 iv) 4 
b) The first byte of an 8085 instruction always contains : 1 
i) Opcode ii) Data 
i) Address iv) None of these 
“he 8081 Micro-controller has instruction set of instructions. I 
‘> TOL it) 110 ii) 99 iv) 111 
of the following is an example of wireless media. I 
') Optic Fibre i) Microwave 
inl) UTP iv) STP 
1.45) Solve any two of the following : 
Ex Prainhe functions of following pins of 8085 Microprocessor : 3 


i} 10/M ii) RD 111) INTR 


- 


question Papers (II) a 
Differentiate between LAN and WAN (Any 3 points) ; 
c) State any six features of 8051 micro-controller. 3 
7.4) Solve any two of the following : 
a) Define following terms : : 
i) T-State ii) Machine Cycle iii) Instruction Cycle 
b) Considering following points, explain the given instruction : 3 


Instruction : INX rp é 

i) Group of Instruction il) Addressing Mode , 

iii). Number of Bytes iv) Flag Affected v) Explain with example 
c) Explain Micro-controller and state any two of its advantages over Micro- 
| 3 


processor. 

2.B) Solve any one of the following : 

a) Draw aneat and labeled block diagram of Micro-computer. ; 4 

b) Explain STAR Topology with diagram also give two advantages and 
disadvantages. | 4 

3.A) Solve any two of the following : 

a) Write the functions of following blocks of 8085 Micro-processor : 3 
i) Accumulator ii) Instruction Register iii) Decoder 

b) Give any two instructions of following addressing modes : : cS) 
i) Immediate ii) Register Indirect iii) Register. 

c) Explain TCP/IP protocol in detail. a 

3,.B) Solve any one of the following : : 

a) Explain following network devices with diagram : | 4 
i) Router ii) Repeater 

b) Explain memory register map of 8051 Micro-controller with diagram. A 


4.A) Solve any two of the following : 
a) What are Hardware Interrupts? List them according to priority. Also state call 


location of these interrupts. 3 
b) Explain ALU of 8085 Micro-processor with suitable diagram. 5 
c) Enlist six characteristics of Transmission Media. . 3 


4.B) Solve any one of the following : 

a) The accumulator contains AA H and register C contains 55 H. What will be the 
contents of accumulator if following instructions are executed independently?4 
i) CMP C ii) ANAC itil) ORAC iv) SUBC 

b) Compare any four features of 80486 and Pentium Processors. 4 


Q. 5) Solve any two of the following : 
a) Write an Assembly Language Program to find absolute difference of two *:. 
a stored in memory locations 5000H and 5001H. Store the result in 
2H. 2D 
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b) Write an Assembly Language Program to find largest number in a block of 
memory starting from 7000H. The length of the block is stored at 6FFF H. Store 
the result at the end of the block. 5 

c) Study the following program and answer the questions given below. 5 

: Mnemonics / Operand 


MVIC,, 08 H 
LXI H, 6000 H. 


(i) Write the purpose of the program., 
(ii) | Write comments for the instructions used in the program. 
(iii) If the input data at memory location 6000 H is FF H, then write the result 
along with corresponding memory location. 
OR 


Q.5) Solve any two of the following : | . 
a) A block of data is stored in memory locations starting from 3001 H. The length 


of the block is at 3000 H. Write an Assembly Language Program that searches 
for the first occurrence of data AO H in given block. Store the address of this 
occurrence in HL pair. If the number is not found then HL pair should contain 
0000 H. 5 
b) Write an Assembly Language Program to find sum of ten hex numbers stored in 
consecutive memory locations from 4000 H. Store the two byte result at the end 
of the block beginning with lower byte. i 5 
c) Study the following program and answer the questions given below : 5 


Mnemonics / Operand 


LXI H, COOO H 
BACK 


MOV C, M 
INX H 
(i) | Write the purpose of the program. 
(ii) | Write comments for the instructions used in the program. 


MOV A, M 
XRA A 
MOV M,A 
DCR C 
JNZ BACK 
HLT 
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(iii) If the input data at memory location C000 H is 05 H, then write the result 
along with corresponding memory location. 
d) ed the following program and answer the questions given below : 
ST . 
CMC 
LXI B, 1234H 
MOV A, B 
RAR 
MOV H,A 
MOV A, C 
RAR 
MOV L, A 


(1) Write the purpose of the program. 
(ii) | Write the contents of various registers used. 


Write comments of various instructions used in the program. OOOO 
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1.A) Select the correct option of the following and rewrite the sentences : 

a) | is non-maskable interrupt in 8085. 1 
i) RST 5.5 ii) RST 6.5 
iii) RST 7.5 iv) TRAP 

b) The length of instruction MVI reg. data is 7 
i) 1 byte ii) 2 Byte iii) 3 Byte iv) 4 Byte | 


c) The 8051 Micro-controlier can address ___ program memory. l 
i) 8 k byte ii) 16k byte iii) 32k Byte. iv) 64k Byte 
d) cable is insensetive of EMI. 
i) Co-axial ii) STP 
iii) UTP iv) Fibre Optic 
1.B) Answer any two of the following : ¥ 
a) Write a note on evolution of Micro-processor. 3 
b) Explain any three addressing modes of 8085 Micro-processor with 1 example.3 
c) Write a HUB? Explain Active and Passive HUB. 3 
2.A) Answer any two of the following : | 
a) What is multiplexed BUS in 8085? Give its advantages. 3 
3 


b) Explain following instruction of 8085 Micro-processor. 
i) CMA ii)RRC iti)STC 


c) Define Topology. Explain Physical and Logical Topology. 3 

2.B) Answer any one of the following : | 

a) Define following registers of Micro-processor 8085. 4 
i) Accumulator ii)STACK Pointer Program Counter iv)Instruction Register 

b) Explain following terms related to Pentium Processor : 4 


i) Dual Pipeline ii) Branch Prediction iti) On chip cacheiv) 64 bit data BUS 


y 


3.A) Answer any two of the following : 


a) Explain any three features of 8085 Micro-processor. ; 3 

b) Explain the. function of following pins of 8085 Micro-processor : 3 
c) List any six features of 8085 Micro-controller. 3 
3.B) Answer any one of the following : 

a) Explain memory map of 8051 Micro-controller. 4 

b) Explain Contention and Polling Access Methods. 4 


4.A) Answer any two of the following : 

a) Flag register contain data C5H interpret its meaning. 3 

b) The accumulator contains data 58H and register B contains data 07H. What wil 
be the content of Accumulator after execution. of following instruction 


independently : 3 
i) ADD B ii)ORAB iii) ANAB 
c) Explain Co-axial Cable in detail. vo 3 


4.B) Answer any one of the following : _ 
a) What is Interrupt? List Hardware Interrupts according to Priority. Explain 


maskable and non-maskable in interrupts. 4 
b) Explain the following characteristics of Transmission media : 4 

i) Installation Difficulties ii) EMI : 

i11) Band Width — 1v) Attenuation. 


Q.5) Answer any two of the following : 

a) A block of data is stored from memory location DOO1H. Length of block is 
stored at DOOOH. Write a program to find occurrence of data 02H in given block. 
Store the number of occurrence at Memory Location D100H. *) 

b) A block of data is stored from memory location DO01H to DOOSH. Copy the 
contents of block to another block starting from 2501H. | 5 

c) Write a program to subtract 3 Byte integer in register EHL from another 3 Byte 
integer in BCD. The result should be placed in BCD register keeping the integers 
in EH undisturbed. | » 

OR 

Q.5) Answer any two of the following ; 

a) A block of data is stored from memory location 3330H. Length of block is stored 
at 2FFFH. Write a program to find 2's compliment of each data in a block and 
Store the result from memory location 4100H. 5 

b) A block of data is stored from memory location CO01H and length is stored 
COOOH. Write a program to find the sum of series and store the sum in cos0# 
and COS1H. 5 


c) Write a program that divides two 1 byte hex number where the dividend is stored 
in 4060H and divisor in 406H stored the quotient and remainder in next hi 
consecutive memory location respectively. ; 
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